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SECTION  1 
SCOPE 


1.1  IDENTIFICATION 

Volume  1,  Submarine  OMEGA  Computer  Program  Performance  Specification,  defines 
the  functional  reouirements  for  the  Submarine  CHEGA  Computer  Program  which 
is  used  by  the  AN/BRN-7  OMEGA  Navigation  Set.  The  Navigation  Set  and  the 
OMEGA  program  together  comprise  the  Submarine  OMEGA  Navigation  Svstem.  The 
tape  which  defines  the  computer  program  is  entitled  AN/BRN-7  Navigation  Program* 


Volume  II,  Submarine  OMEGA  Computer  Program  Design  Specification,  allocates 
the  functional  requirements  of  Volume  I to  the  computer  routine  and  sub- 
program level. 

This  volume  describes  the  subprogram  designated  as  Control-Indicator  which 
uses  the  abbreviations  of  Cl  and  DP  in  the  program  listing  (Volume  XIII). 


1.2  CONTROL-INDICATOR  SUBPROGRAM  TASKS 

The  Control-Indicator  Panel  is  the  interface  between  the  operator  and  the 
OMEGA  System.  The  tasks  of  the  Control-Indicator  Subprogram  are  to: 

a)  Provide  input/output  procedures  for  the  insertion  of  the  following 
data: 

• Submarine  present  position 

• Date  and  time 

• Data  for  fixed  destination 

• Data  for  point  of  Intercept  (rendezvous) 

• Velocity  and  heading  source  selection 

• Inputs  (Station  Deselection) 

b)  Provide  procedures  tor  processing  and  updating,  on  operator  demand, 
the  following: 

e Submarine  present  position 

• Positional  variance  estimate 
e Date  and  time 

e Submarine  velocity  and  heading 
a Submarine  corrected  velocity  and  track  angle 
e Range  and  bearing  to  fixed  destinations 

• Time  enroute  and  course  to  fixed  destinations 
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• Heading  and  velocity  of  moving  destination 

• Time  enroute  and  course  to  moving  destination 

• Position  of  point  of  intercept  (rendezvous) 

• Station-to-station  LOP 

• Relative  OMEGA  signal  coherency 

• Relative  CMEGA  signal  strengths 

• Status  of  sync  or  signal  strengths 

• Bite  failure  Status 

s Number  of  tracking  filter  dumps 

c)  Provide  procedures  for  processing  and  updating  continuously  (once/ 
second)  the  following: 

• Rendezvous  position  update 

• Rendezvous  time  update 

d)  Provide  input/output  procedures  for  the  display  of  all  Information  above. 
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SECTION  2 

APPLICABLE  DOCUMENTS 


a)  Submarine  CMEGA  Computer  Program  Performance  Specification  (Volume  I 
of  the  Submarine  CMEGA  Computer  Program  Specification) 

Applicable  Sections: 

3.2.3  Computer  Input/Output 

3.2.4  Operation 

3.2.5  Detailed  System  Operations 

3.3.15  Control-Indicator  Panel  Requirements 

3.3.16  Built-in-Test  Programs 

b)  Submarine  OMEGA  Computer  Program  Design  Specification  (Volume  II  of 
the  Submarine  (MEGA  Computer  Program  Specification). 

c)  NORT  71-41,  NDC  1070  Macro  Assembler,  May  1971 

d)  NORT  68-115A,  Detailed  Description  of  NDC-1070  Computer  Instrvictlone , 
Revision  A,  February,  1970. 

e)  NORT  69-87A,  NDC-1070  Flow  Chart  Program,  User's  Manual. 
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SECTION  3 
REQUIREMENTS 


There  are  two  primary  processors  managing  the  functions  of  the  control- 
indicator  procedures: 

a)  PANEL  MAIN  is  a non-Cl-task  which  will  process  those  control-indicator 
routines  selected  by  the  operator.  These  routines  will  be  processed 
once  per  second  after  the  selected  routine  has  been  flagged  and  the 
input  data  has  been  stored  in  appropriate  registers. 

b)  PANEL  INPUT  is  the  interrupt  routine  which  provides  the  interface 
between  the  operator  action  and  the  PANEL  MAIN  routine.  It  manipulates 
the  panel  lights,  checks  the  validity  of  operator  procedures,  tracks 
the  procedures  when  a series  of  operator  actions  are  required,  and  puts 
data  in  the  proper  form  for  processing. 

Because  of  the  quantity  of  control-indicator  flow  diagrams  the  description 
and  the  diagrams  themselves  were -separated  into  two  parts.  Section  3.1  is 
devoted  to  the  description  of  the  PANEL  MAIN  flow  diagrams,  and  is  followed 
by  the  PANEL  MAIN  flow  diagrams.  Section  3.2  does  the  same  for  the  PANEL 
INPUT  routine. 


3.1  PANEL  MAIN  DESCRIPTION 


3.1.1  Reference  Labels  to  Flow  Diagrams 

The  code  used  to  reference  the  particular  block  in  the  flow  diagrams 
is  as  follows:  The  first  number  is  the  page  number  found  in  the  upper 
right  corner  of  the  diagrams.  This  will  be  followed  by  a slash  sign  (/) 
to  separate  the  page  number  from  the  block  designator.  The  designator 
will  either  be  a mnemonic  label  (e.g.,  TEST  SYNC),  a local  label  indicated 
by  a dollar  sign  ($),  or  an  integer.  The  two  types  of  labels  reference 
the  particular  information  block,  on  the  given  page,  to  which  the  label 
is  attached.  The  integer  number,  n,  means  that  the  referenced  block  is 
the  nth  block  from  the  top  of  the  page;  p8/3  would  refer  to  page  8 and 
the  third  information  designation  down. 

rd 

Finally,  the  label  pl/$  2+3  refers  to  page  1,  and  the  3 information 
block  after  the  label  $ 2.  All  references  to  page  numbers  will  indicate 
the  flow  diagram  pagination  in  the  upper  right  corner  of  the  flow  diagram. 
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There  is  a reference  to  a subroutine  which  is  indicated  as: 


GEN  I DATA  NAME 

This  refers  to  the  Display  Conversion  subroutine  on  flow  diagram  pages  78-82. 
The  meaning  is  Chat  the  data  designated  as  DATA  NAME  is  processed  by  the 
Display  Conversion  subroutine. 

3.1.2  Description  of  PANEL  MAIN  Routines 

3. 1.2.1  PANEL  MAIN  (Pages  1 through  3) 

This  routine  processes  all  data  inserted  through  the  control  indicator  panel 
and  generates  all  data  displayed  on  the  panel.  Figure  1 is  a general 
flow  diagram  of  the  PANEL  MAIN  routine.  It  is  a non-CMEGA  task  that  is 
executed  each  second.  If  the  pailel  is  in  a Panel  Test  condition  (mode  neg) 
then  Panel  Test  is  continued  upon  entry;  if  the  panel  is  in  the  quiescent 
(mode  0)  state  then  the  routine  is  exited;  if  in  the  display  mode  (mode  1) 
then  the  routine  enters  the  display  program  at  every  tenth  entry  (once  per 
second);  if  not  in  display  then  it  must  be  in  the  insert  mode  which  means 
that  Che  ACCEPT  button  has  just  been  depressed  to  complete  a procedure  and 
the  data  displayed  on  the  panel  should  be  processed. 

Table  1 lists  all  PANEL  MAIN  routines  and  the  flow  diagram  page  at 
which  they  can  be  found. 

a)  INPUTS  (Station  Selection) 

When  INPUTS  is  depressed  then  the  stations  selected  can  be  changed, 
as  well  as  the  Navigation  mode  (AUTO  OR  MAN)  can  be  selected. 
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TABLE  1 


ROUTINE 

PAGE(S) 

ROUTINE 

PAGE(S) 

PANEL 

1-3 

Insert  Routines 

Display  Routines  (Cont.) 

INPUTS  (Station  Selector) 

4-5 

Range  & Bearing  BNG/RNG 

24 

Datfc-Time  (DT/GMT) 

6-9 

CSE-ETE 

25 

Manual  Velocity  (MAN  H/S) 

10 

Coherency  (COH) 

26-31 

Position  Insert  (POS) 

11-13 

Date-Time  (DT/GMT) 

32-35 

Moving  Destination  (RZ)) 

LOP 

36-39 

Position 

14 

NCTR 

40-41 

Velocity,  Heading 

15 

MAN  H/S 

42 

Display  Routines 

INPUTS 

44 

Display  Program 

16-17 

MAN  H/S  RZ 

45 

Position  (POS) 

CAL  H/S 

46 

Destination 

18 

AUTO  H/S 

47 

Intercept  (0-9) 

18 

Rendezvous  Craft  (RZ] 

19 

Blanks 

48 

SHIP 

19 

STATUS 

20-22 

Variance  (VAR) 

23 
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b)  DATE  Time  Insert  (pages  6-9) 
p6/l  through  5 

Whenever  the  operator  inserts  a new  Date  and  Time  the  Kalman  routine 
must  be  informed  via  a marker  bit  so  that  it  can  appropriately  rein- 
itialize its  parameters.  If  the  time  is  inserted  in  response  to  the 
illuminated  ENT-T  indicator,  indicating  a system  restart,  then  set: 

6V2  * 5V^  = 0 

COLD  START  MKR  = True 

C =0^(0. 5) 

pos 

p7/l  through  p9/l 

The  inserted  Month  and  Day  are  saved  for  the  Propagation  Prediction 
season  index  determination.  Then  the  inserted  DATE  and  TIME  is  con- 
verted to  a single  number  representing  the  current  time.  This  conversion 
must  account  for  the  number  of  days  in  a month  and  leap  years. 

The  present  value  of  the  TIME  register  is  subtracted  from  the  Inserted 
current  time  to  give  the  time  GMT(o)  at  turn-on, 

c)  Manual  Velocity  Insert  (page  10) 

Convert  speed  from  an  integer  number  of  knots  to  feet/second.  Convert 
direction  from  integer  number  of  degrees  to  an  angle  scaled  pi  radians 

Ip  insert  = 180  - (insert  - 180)/180 

d)  Position  Insert  (pages  11-13) 

For  an  Inserted  moving  destination  position,  the  position  vector  is  computed. 
However,  the  inserted  position  of  the  submarine  is  treated  in  two  different 
ways  as  a function  of  whether  it  is  a Present  Position  insertion  usea  to 
initialize  the  system  or  whether  it  is  a Position  Fix  used  to  update 
the  system. 


The  first  position  insert  is  treated  as  a Present  Position.  The  R^^ 

matrix  is  initialized,  using  the  Inserted  latitude  and  longitude,  and 
the  appropriate  class  of  fix  marker  is  set  for  the  Kalman  Routine, 
provided  the  existing  Present  Position  is  not  accepted  without  change. 
Subsequent  position  inserts  before  sync  is  obtained  are  treated  as  a 
first  insert.  The  ENTER  PP  lamp  is  turned  off.  All  other  position 
inserts  are  treated  as  Position  Fixes.  These  are  utilized  as  a Kalman 
measurement  input  and  are  Incorporated  into  the  system  via  Kalman 
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Processing.  The  Kalman  Inputs  are  computed.  These  include  the  position 
differences  between  the  system  and  the  inserted  values  in  the  North  and 
East  directions,  the  extraction  matrix  elements  for  each  of  these  measure- 
ments and  the  noise  scaler.  Also, a marker  is  set  to  Inform  the  Kalman 
routine  that  a position  measurement  has  been  made. 

pll/$  7,  1,2,3 

If  lat-long  for  Fixed  Destination  they  are  stored;  if  for  submarine, 
continue , 

pll/$72 

ARG2  contains  POS  CLASS  = i i 

C„_„  (6  POS  INSERT)  • where 

r Uo  X 

i = A,  B,  C 


Test  First  Insert  = true?  (i-.e.,  are  ENT  - POS  or  SYNC  indicators 
illuminated?)  yes,  go  to  pl2/$17 

no,  go  to  pl3/$73  unless  Kalman  has  not  been 
initiated  yet,  in  which  case  go  to  pl2/$16. 

pl2/$16+l 

Use  common  subroutine  Position  Matrix  Computation,  which  is  called  by 
$8,  to  computer  matrix.  NOTE:  This  is  shown  in  the  flow  diagram 

PANEL  MAIN  $8. 
sin  \ 

o 

cos  X cos  L 
o o 

cos  X sin  L 
o o 

0 

t 

-sin  L 

o 

cos  L 

o 

cos  X 

o 

-sin  X cos  L 
o o 

-sin  X sin  L 
o o 


’^11  " 

^13  " 
’^21  “ 
^^22 
^^23  " 
^^31  " 

r32 

^33  ° 


= A,  B,  C 


i 

6 Pos  Insert 

A 

0.5  n miles 

B 

5.0  n miles 

C 

20.0  n miles 

were  N = >X^  positive  S =>\^  negative 

E = >L  ; W = >360“  - L 
o’  o 
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Initial:  Reset  TF  MKR  “ true 

Cold  Start  MKR  = true;  exit 


pl3/$73+l 

Position  Update.  Use  subroutine  MAKE  LAT  LONG,  page 
the  following; 


pl3/$73+2 

«"n  = 

( \/C  ■ 

<-\/o  - h 

\/c 

pl3/$73  + 3,4 

Tes  t : 

IsV 

N 

+ 6P^  >72  n miles? 

£i 

Yes;  Go  to  pl2/$16 
No:  Continue 

Notify  combination  filter,  exit. 
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e)  Moving  Destination,  Position  Insert  (Page  14) 

The  operator  may  insert  up  to  ten  fixed  locations  for  which  a great 
circle  course  may  be  desired,  based  upon  the  position  of  the  submarine 
at  the  time  the  data  is  desired.  To  do  this  the  latitude  (X)  and 
longitude  (L)  and  the  reference  number  (i;  0-9)  are  stored  in  the 
table  of  destination  points.  Thus,  where Xp,  Lp  represent  the  current 

position  of  the  second  submarine  (or  vehicle), 


= A 

= L 


0 S i S 9 


Subroutine  Lat/Long  scaling  is  on  page  86. 

f)  Moving  Destination,  Velocity-Heading  Insert  (Page  15) 

To  interpret  the  flow  diagrams  the  following  equivalences  must  be 
noted: 


Flow  Diagram  . 
RZ  POS 
VEL  VECTOR 

BETA 

K 

Convert  A,.,  L to  position  D. 


Equations 


RAD 


E 


! °E  “ ^®E1’  °E2’  °E3^ 

where  D^^^ 

= Sin 

% 

1 

I 

^E2 

= Cos 

Ad  cos  Lp 

1 

\ 

\ 

^E3 

= Cos 

Xd  sin  Lp 

i 

Obtain  unit  velocity  in 

earth- fixed 

coordinates 

1 ^E  ” ^'^El’  '^E2*'^E3^ 

»here 

E3 

I 

1 

’ei 

" °RAD 

cos  ttp 

'E2 


E3 


--°E1°E2  cosci_  _D„.  sinoc_ 

~D  D El  D 

RAD 

“^El  ^E3  cos  Cl..  + ^E2  sin  <*!_ 

“ D ^ F"  ° 

RAD  RAD 
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Obtain  great  circle  route  with  unit  velocity  of  moving  destination 
= '^E  ^E 

(^El’  ^E2’  ^E3^  ^E1  “ °RAD  D 


’E2  = -D„-  D„,  Sino_  + D__ 

E2  El  D E3  cos  o 


RAD 


RAD 


^E3  “ ~°E3  ^E1  Sinojj  - ^ Sino^ 


RAD 


RAD 


3. 1.2. 2 Display  Routine 
Pl6/Panel  Output 


The  first  three  information  blocks  represent  the  ten-counter  which 
slows  the  Display  rate  to  once  per  second.  Nine  times  out  of  ten  the 
Display  Program  branches  to  P2/Panel  main  $11  which  is  the  routine 
exit . 

Otherwise,  the  Hold  Marker  is  tested.  If  0 then  the  requested 
variables  are  transferred  for  display.  If  positive  then  branch  to 
the  display  table. 

P17 /Table  $4 

One  of  these  thirteen  entries  are  selected  for  display.  These 
thirteen  entries  will  be  described  following. 

PI 7/Table  $4+1. 

This  is  the  output  generator.  Upon  completion  the  10-counter  is 
reset  and  the  Display  routine  exits. 

a)  Position  Display  (Pages  18  - 19) 

The  diagrams  combine  all  the  position  displays  as  indicated  below. 

1)  Destination  i * 0,1,... 9) 

Xdi>  stored  in  memory  and  displayed  on  command. 
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2)  Intercept  ( Xpj,  Lpj) 

The  SLOW  routine  Includes  the  RZ-Time  update  subroutine  which 
computes  the  vector  quantity  The  Display  Intercept  position 

computes 


Xp,  = tan' 


Lp,  = tan 


1/2 


3)  Rendezvous  Craft 


The  position,  course  and  speed  of  the  moving  destination  were 
previously  Initialized,  then  tracked  with  time  updates  every 
second.  The  position  updating  process  for  position  Is  described 
In  paragraph  e.  Moving  Destination,  and  indicated  as: 


^°E1’  °E2’  °E3^ 


To  convert  to 


latitude  and  longitude: 


^D 

s 


TAN 


°E1 


1/2 


TAN 


-1  ::e3 

°E2 


The  Subroutine  Indicated  by  GEN  LONGITUDE  DISPLAY,  P18/4, 
Is  the  Display  Conversion  Subroutine  on  Page  78. 

4)  Submarine  (Present  Position) 


The  current  submarine  position  as  defined  by  latitude  and 
longitude  will  be  extracted  from  the  R^^j's.  If  the  HOLD  button 

has  been  depressed  the  will  be  those  stored  upon  Its 

depression.  The  following  calculations  must  be  made. 
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'T  A M * ^ M 

11 

XAN  ^ 

2 ^ 2’ 
"12  ^ ^3, 

Y 

If  X 

PP 

^0  then 

left 

projection  ■ N 

Sp 

< 0 then 

left 

projection  ■ S 

TAN 

lil 

^^12 

If  0 < L < 180°  then  right  projection  » E 
PP 

180°  < L < 360°  then  L = 360°  - L 

PP  PP  PP 


and  right  projection  * W 
b)  Status  Display  (Page  20-22) 

This  Display  will  provide  the  operator  with  information  relative  to  the 
progress  of  synchronization,  information  on  relative  signal  strengths  from 
the  burst  phase  measurement  process,  or  Information  about  failures  in  BIT 
Routines  (See  Volume  XI) 

If  in  synchronization  then  the 

quantity  ^ = CClst)  - C(2nd) 

^D  ^D 

is  displayed  with  appropriate  scaling 

If  not  in  synchronization  then  the 

Q burst  from  each  station  on  the  frequency  selected  is 
tn 

displayed  on  a scale  from  0 to  9,  ie,  one  digit  for  each 
station. 


c)  POS  VAR  (Page  23) 


Upon  depression  of  the  illuminated  VAR  button,  the  current  estimate 
of  positional  variance  from  the  combinational  filter  will  be 
displayed.  This  is  obtained  from  the  covariance  matrix: 


PV  = 


VT 


converted  to  n miles 
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d)  Range  and  Bearing  (Page  24) 

The  angular  distance  between  the  submarine  and  the  destination 
point  is  computed.  The  distance  is  then  achieved  by  multiplication 
of  the  earth  radius. 

The  angle  between  the  vector  and  the  destination  vector  is 

computed  by  taking  appropriate  "dot"  products  with  the  R^  and  R^ 

axes  to  generate  the  sin  and  cos  of  this  angle.  The  actual  bearing 
angle  is  computed  from  this  angle  with  respect  to  the  R^  axis  and 


If  the  HOLD  button  has  been  depressed,  then  the  Information  used  in 
this  computation  is  that  which  was  stored  in  its  depression. 


The  bearing  to  destination  will  be  displayed  to  a tenth  of  a degree 
in  the  left  numeric  readout.  The  range  to  destination  will  be 
displayed  in  nautical  miles  on  the  right. 


1)  Test  HOLD  MRK  true  » >use 


false  * >use  r 


ij 


2)  D^  = sinApj  Ej  + cosXp.  cos  L^^  ^2  St  S 

6. . i 


Yoi  = - % - tan 


where  0 = ta 

P 


4)  R„.  = R tan 

Di  o 


\ Di  . R3  / 

|A  A 1 

1 (1^1) 

' n • R ' 


D.  • R, 
1 1 


e)  ETE-CSE  Display  (Page  25) 

The  course  is  defined  exactly  the  same  as  Bearings,  and  therefore 
the  computation  is  the  same  (Refer  to  Display  Range  and  Bearing, 
paragraph  d,  above). 

The  estimated  Time  Enroute  is  computed  by  computing  the  range  and 
dividing  it  by  the  component  of  craft  velocity  in  that  direction. 

If  the  HOLD  button  has  been  depressed,  then  the  information  used  In 
this  computation  is  that  which  was  stored  on  its  depression. 
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' I i u IJ  I Jiill.u 

NORTHROP 


1)  Test  HOLD  MRK  True,  then  use 

False,  then  use 

2)  from  Range  and  Bearing  Display  routine 


Divide  by  100  to  obtain  minimum  acceptable  submarine 
velocity, 


IS  V . < 
croln 

If  so 


V 

c 


-1/2 


If  not 

ETEj  - 100  hrs 

f)  Coherency  Display  (Pages  26  - 31) 

There  are  two  coherency  displays  implemented  by  either  DISPLAY  STATUS  COH 
or  simply  DISPLAY  COH,  STATUS  COH  provides  a display  of  predicted  phase  » 
measurement  (left  display)  based  on  the  systems  calculated  position  and  jd 
time  which  mdy  then  be  compared  to  the  actual  measured  phase  contained  lay), 
in  the  tracking  filters  (right  display).  The  display  is  as  shown  below: 


XX  XX 

XX 

XX 

XX  XX 

Frequencies  10  1/5  11  1/3 

13  3/5 

10  1/5 

11  1/3  13  3/5  Freg. 

Predicted 

Measured 

(same 

as  COH  Display) 

X 
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Upon  depression  of  DISPLAY  COH  buttons  either  six  two-digit  coherency 
values  will  be  displayed  in  the  registers  or  three  four-digit  numbers. 
These  values  are  derived  from  either  a station-base,  or  base-base  pair 
respectively  and  all  three  frequencies  (the  particular  station  has  been 
preselected) . 

P26/POP8 

The  first  six  Information  blocks  make  a distinction  between  STATUS  COH, 
phase  difference  navigation  and,  essentially,  rho-rho  navigation.  The 
computer  program  does  both  - the  Submarine  uses  phase-difference. 


P26/$10  through  P27 


In  the  following  subscript  1 represents  the  station  selected,  k 
represents  the  base  selected  and  j represents  the  frequency 
(j-1,  2,  or  3). 


Let 


represent  the  phase  difference  value  in  the  tracking 


filter  for  i and  k on  j,  less  the  integer  lane  count. 


COH  , , represent  the  coherency  value  for  same, 

iKj 

represent  the  propagation  corrections  for  same. 


Then  COH^^^^  - 0^ 

10 


j-1.  2,  3 


where  j-1-10.2  KHz 
-2-13.6  KHz 
-3=11-1/3  KHz 
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P28/1  through  P29/2 
FOR  COM 

Display  in  the  first  pair  of  digits  of  left  indicator: 
COH(11.3  -10.2)  = 

Display  in  the  second  pair  of  digits  of  left  indicator: 
COH(13.6  -11.3)  = ‘ 

Display  in  the  third  pair  of  digits  of  left  indicator: 
C0H(13.6  -10.2)  - 

Display  in  the  first  pair  of  digits  of  right  indicator: 

Display  in  the  second  pair  of  digits  of  right  indicator: 

Display  in  the  third  pair  of  digits  of  right  indicator: 

FOR  STATUS  COH 

Display  predicted  values  in  left  register  and  measured  values 
in  right  register. 
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P29/$20  through  P31 

If  yes  - Display  in  first  four  digits  of  left  indicator; 

Display  in  last  pair  of  left  and  first  pair  of  right; 

Display  in  last  four  digits  of  right  indicator; 

Display  Date  and  Time  (Pages  32  - 35) 

This  routine,  though  elaborate,  presents  the  current  date  and  time 
to  the  operator.  The  majority  of  operations  involve  shifting  and 
counting.  The  function  is  to  take  present  value  of  TIME  register 
and  add  to  GMr(O)  to  obtain  the  current  real  time  in  GMT.  This 
number  is  converted  to  YEAR,  MONTH,  DAY,  HOURS  MINUTES  and  SECONDS 
for  display. 

Display  LOP  (Pages  36  - 39) 

This  procedure  will  be  Iterated  twice  for  each  of  the  station- 
difference  pairs  selected  by  the  operator. 

1)  The  station  difference  pair  desired  by  the  operator  will  be 
presented  in  the  normal  chart  order.  Let  (m-n)  represent  the 
IX)P  difference  desired.  Let  j represent  the  frequency 
selected  by  the  operator.  LOP's  using  the  base  station  are 
corrected  for  the  base  station  to  non-base  station  time  delay 
contained  in  the  tracking  filters. 

Test;  Does  base-station  = n? 

Yes;  Then  set  LOP  . = 0 .-(t  -t  ) + 900 

mnj  mnj  m m __n 

10 

No;  Continue 


2)  Test;  Does  base-station  = m? 

Yes;  Then  set  LOP  - F 0 ,”(t  -t  ) 

mnj  nmj  n m 

No;  Continue 


0 + 
m 

10 


Set  LOP 


mnj  mkj 
EXIT;  Display  LOP 


+ 900 
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1)  INPUTS  Display  (Page  44) 


This  routine  outputs  previously  inserted  station  data  and  the 
navigation  mode. 

m)  RZ  H/S  Display  (Page  45) 


This  routine  is  associated  with  the  time  update  equation  in  para- 
graph (f)  insert  for  Point  of  Intercept,  which  should  be  referenced 
by  the  reader  for  derivations. 

Let  ySj,  = BETA  = great  circle  route  of  moving  destination 
defined  in  earth-fixed  coordinates 

Dg  = RZPOS  = present  time-updated  position  of  moving 
destination 

Op  = heading  of  moving  destination. 

Then 


“d  ■ (<^E2°E3  ■ ^E3°E2^)  * 

The  velocity  display  will  be  that  which  was  last 
operator  for  the  moving  destination. 


to  degrees 
inserted  by  the 


n)  CAL  H/S  Display  (Page  46) 

The  OMEGA  velocity  is  computed  by  taking  the  square  root  of  the 
sum  c f the  squares  of  the  two  craft  velocity  components. 


Vol  X 
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o) 


The  Track  Angle  is  computed  by  finding  the  heading  of  the 
velocity  vector  relative  to  system  axis  and  then  using  this  in 
conjunction  with  system  heading  to  yield  the  heading  with  respect 
to  North. 

If  the  HOLD  button  has  been  depressed,  then  the  ipformation  used 
in  this  computation  is  that  which  was  stored  on  its  depression. 


1)  Test  HOLD  MRK  True  =>  use  r, V * 

1 j cl 

False  =>  use  r, , , V . 

ij  ci 


-1 

3)  * tan  77—  - 0 and  convert  to  degrees 

V V^3  p 

where  _ , 

9 = tan 

P 

AUTO  H/S  Display  (Page  47) 

The  current  submarine  velocity  is 

Velocity  and  Heading  Processing, 
the  E.M.  Ship's  Log  input  and  is 
readout  to  tenths  of  knots. 


^TAS  obtained  from 

It  is  a smoothed  value  of 
displayed  on  the  left  numeric 


The  current  submarine  heading  is  designated  and  is  either 

the  manual  input  or  the  smoothed  value  of  the  Mark  19  Repeater 
input,  depending  upon  the  velocity  and  heading  mode  in  use.  It 
is  converted  from  radians  to  degrees  and  displayed  on  the  right 
numeric  readout. 


p)  BLANKS  (Page  48) 

This  sub  routine  is  used  by  other  factors  to  setup  the  display 
registers.  Used  by  STATUS  display  (P22/$10),  POS  VAR  (P23). 


Vol  X 


21 


NORT  73-48 


PM3€  0001 


PATCL  HAIN 


• THIS  routine  processes  all  data  inserted  tmtouon  t»c  control  itoicator 

• PANEL  AND  GENERATES  ALL  DATA  DISPLAYED  ON  T»C  PANEL.  IT  IS  A NON 

• OHEGA  TASK  THAT  IS  EXECUTED  10  TIMES  A SECOM). 


PANEL  HAIN 


READ  PANEL  MODE 


IS  THE  PANEL  IN  THE  TEST  MODE? 
IMOOE  NCCATIVE) 


PANEL  TEST 


IS  Tl«  PANEL  QUIESCENT? 
(MODE  ZERO) 


READ  PANEL  PARAMETERS 
CALL  - NUMBER  DEFINING  MAJOR 

PANEL  SUBROUTINE  BASED  ON 
LOHER  KEYBOARD  BUTTONS 
ARC I.  ARG2  - TEMPORARY  STORAGE 
USED  BY  VARIOUS 
ROUTINES  TO  SAVE 
INFORMATION  DURING 
BUTTON  PUSHING 
PROCEDURES 


(S  THE  PANEL  IN  THE  DISPLAY 
(MODE  ■ I)  


• THE  MODE  IS  INSERT  (E)  INDICATING 

• THAT  the  accept  BUTTON  HAS  JUST 

• BEEN  DEPRESSED  TO  COMPLETE  A PRO- 

• CEOURE  AND  THE  DATA  DISPLAYED  ON 

• THE  PANEL  NOU  SHOULD  BE  PROCESSED 


PANELOUTPUT 

001 


NORT  73-48 


^AOC 


• PfJOCESSING  COMMON  TO  ALU  INSERT 

• SUBHOUTINES  IS  complete  NON  USE 

• PARAMETER  IN  CALL  TO  SELECT  THE 

• PROPER  ROUTINE 


0 

- POS 

S7 

2 

- R2-P0S 

S7I 

8 

- D-GMT 

S3 

9 

> HAN  V/H 

SN 

10 

- INPUTS 

S5 

12 

- R2-V/M 

S9 

M. 


II  SELECT  INSERT  SUBROUTINE  FROM  || 

1 1 INSERT  TABLE 

BSV 

SI 

• THE  INSERT  PROCESSING  IS  NON 

* complete 


y 

RESET  PANEL  MODE  TO  QUIESCENT 

(MODE  - 0) 


• return  here  IE  DISPLAY  NODE 

• ATTER  GENERATING  DISPLAY 


ND 


OOW 


SIN 

OOOS 


X 
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PAOC  000$ 


1 
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PMC  OOOH 


0»CCA  OR  INSCRT 

NOTE  - A SINGLE  IS  BIT  WORD 
DEFINES  THE  CURRENT 
LIST  OF  STATIONS  AVAIL- 
ABLE AND  NAV  HOOE  THAT 
HAVE  BEEN  SELECTED  BV 
THE  OPERATOR 


SEPARATE  OMEGA  STATIONS  FROM 
THE  NAVIGATION  MODE  BEFORE 
PROCESSING  THE  NCU  INSERT 


FORM  STATIONS  IN  USE  WORD 
AND  ITS  COMPLIMENT  TO  MAIN- 
TAIN GOOD  CHECKSUM 
SAVE  RESULT 


/PROGRAM  MONITOR  UNIT  COULD  STOP  / 

IF  NOT  DISABLED  / 

Sfr  DISABLE  ICMORV  PROTC 

CT 


NORT  73-48 


J 


PAGC  0006 


• DATC  Tire  INSERT 


PAGE  0007 


ro«H  CYEAR  - 72»  • 369 


CONVERT  THE  NEXT  2 CHARACTERS  TO 
BINARY  TO  GET  THE  MONTH  


BSV 


MAKE  THO  BINARY 


SAVE  MONTH  FOR  PROPAGATION 
PREDICTION 


ADD  1 DAY  TO  CORRECT  FOR 
LEAP  YEAR 


*31 


ADO  THE  NUMBER  OF  DAYS  IN  THE 
CURRENT  YEAR  FROM  A TABLE  THAT 
GIVES  THE  TOTAL  NUMBER  OF  DAYS 
IN  THE  YEAR  TO  THE  START  OF  THE 
MONTH 


28 


NORT  73-48 


J 


PMC  OOM 


I 


r 

1 


1 
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PAGC  OOtO 


♦MANUAL  VELOCITY  INSERT 


BBK 


X 


31 
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PACE 


0011 


• i*OSITION  INSERT 


Vol  X 
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PAGE  0012 


TREAT  ^HtS  POSITION  LIKE  A 
riRST  POSITION  insert 


i «17 

FIRST  INSERT 


^ ^ DIO  THE  OPERATOR ^ 

UKE  THE  OPTION  or  ACCEPTING  Th 
' DISPLAYED  POST 


DO  NOT  CHANGE  POSITION 


RESCALE  POSITION  VARIANCE  FOR 
KALMAN  TO  USE  AS  INITIAL  VALUE 


COMPUTE  NEM 

POSITION  MATRIX  RIJ 

BSV 

PANEL  MAINS8 

SET  MARKER  TO  FORCE  KALMAN  TO 
RESTART  IF  IT  HAS  STARTED 
SAVE  RIJ  MATRIX 
SET  MARKER  TO  RESET  THE 
TRACKING  filters 


TURN  OFF  ENTER  POSITION  LAMP 


• POSITION  UPDATE 


NORT  73-48 


PAGC  001 S 


)i 

S7N 

SCALE  ERRORS  IN  RADIANS  AT  B-3 

SAVE  FOR  KALMAN 

SET  POSITION  FIX  MARKER  TO 

NOTIFY  KALMAN 

SAVE  ASSOCIATED  VARIANCE 


B8K 


X 


3< 


PtOC  OOIH 


• CNTCR  hCRC  rOR  A HOVIN6  OCSTINATION 

• POSITION  INSERT 


i: $71 

COMPUTE  MOVING  OCSTINATION 
POSITION  VECTOR  RZ  SCALED  B1 
RZI  - SIN  ILAT) 

RZ2  - COS  ILAT)  • COS  ILONO) 
RZ3  > COS  ILAT)  • SIN  (LONG) 


$91 

0019 


Vol  X 


35 


NORT  73-A8 


PAQC  OOlS 


CNTCR  KCRC  rOR  A nOVlNO  OCSTINATtON 
vetOCITV  - HCAOING  INSERT 


RCSCALC  VCL  PROH  INTCOCR  KNOTS 
TO  FT/SCC  AT  BIZ  SAVE  IN  RZ  VEL 
CONVERT  HEADING  TO  « OR  - IBOOEO 
AND  SCALE  BY  IBO  OR  PI 
SAVE  IN  RZ  ALPHA 


COMPOTE  THE  VECTOR  BETA  THAT  IS 
PERPENDICULAR  TO  THE  PLATC  OT 
MOTION  OF  the  moving  DESTINATION 

BETA  - «RZ  POS)  X (VEL  VECTORI 

K - (RZ2»«2  ♦ RZ3»«2>»«.5 

USE  SIN/COS  ALPHA  FOR  VEL  VECTOR 

BETAl  = SIN (ALPHA) *K 
BETA3  - <-RZ3»RZI«SIN 
-RZ2«C0S)/K 

BETA2  - (-RZ2»RZI*SIN 
♦RZ3»COS>/K 

SAVE  BETA  SCALED  Bl 


INSERT  PROCESSING  COMPLETE 

RETURN  TO  PANEL  MAIN 

BBK 


NORT  73-48 


J 


PAQC  0016 


• DISPLAY  PROQRAN 

• 

• THIS  ROUTINE  IS  CNTCREO  FROH  THE  MAIN  PANEL  PROGRAM  |0  TIMES  A SECOM) 

• HHENEVER  the  panel  is  in  THE  DISPLAY  MODE  (II.  IT  GENERATES  A »CM 

• DISPLAY  EVERY  SECOND  BASED  ON  THE  PROCEDURE  IDENTIFIED  IN  CALL. 


PANEL  MAINSII 


I Vol  X 37  NORT  73-48 

t 

I 


i 


PACC  0017 


SET  PROGRAM  FLAG  C TO  OCFINC 
NAVIGATION  MOOe 

TRUE  - PHASE  DIFFERENCE 
FALSE  - RHO  - RHO 

SUB  ALHAYS  PHASE  DIFFERENCE 


USE  PARAfCTER  IN  CALL 
TO  DEFINE  DISPLAY 
SUBROUTINE 


0 = POPll 

INPUTS 

1 ■=  POP2 

STATUS 

2 = POP4 

VAR 

3 = POP12 

NCTR 

4 = POP7 

GSE-ETE 

5 = POP9 

DT/GMT 

6 = POPS 

LOP 

7 = POP14 

CAL  H/S 

8 = POPIO 

MAN  H/S 

9 = POP15 

AUTO  H/S 

10  = POP6 

BNG/RNG 

11  = POPl 

POSITION 

12  - POP8 

COH 

II  SELECT  DISPLAY  SUBROUTINE  || 

1 1 FROM  DISPLAY 

TABLE  1 1 

BSV 

SM 

THE  GENERATION  OF  THE  DISPLAY 
IS  NOM  COMPLETE  AND  THE  DATA 
IS  READY  FOR  OUTPUT 


OUTPUT  LEFT  D I SLAY 
LEFT  LEGEND 
RIGHT  DISPLAY 
RIGHT  LEGEND 


RETURN  HERE  (MITH  PROPER 
HANDLING  OF  RIMI  IF  THE 
DISPLAY  SUBROUTINE  SET  UP 
ITS  OHN  DISPLAYS 


1 

• 

S5 

RESET 

DELAY 

PANEL  COUNT  TO  10  TO 

ANOTHER  SECOND 

SI 

0018 
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PAK  ooia 


• CNTCR  HCRC  rOR  POSITION  DISPLAY 


CXAHINC  AROI 


IS  CRAFT 

IITION  TO  Be  OISPLAVeOT 


• DISPLAY  OCSTINATION  POSITION 

• OR  INTCRCePT  POSITION 


RCAO  LONOITUOe 


CONVERT  LONGITUOe  FOR  DISPLAY 

AND  SET  UP  LEGEND  

OEN  I LONOITUOE  DISPLAY 


READ  LATITUX 


CONVERT  LATITUDE  FOR  DISPLAY 

AND  SET  UP  legend 

GEN  LATITUDE  DISPLAY 

, 

RETURN  TO  MAIN  DISPLAY  ROUTIIC 


NORT  73-48 


f 


J 


PAOC 


• CNTCM  HCRC  row  n ros  oiswlav 


B8K 


] 


00l« 
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^ *ENTER  HERE  FOR  STATUS  DISPLAY 

■"--^^POP  2 yes  SXA' 

IS  STATUS  FAIL  WANTED  ,»> ^ 


YES  STATUS- FAIL 
0022 


PACC  0020 


^-■-v^.^YES  STATUS- CCOH 

IS  STATUS  COH  WANTED?^> 


RCAO  DATA  FOR  SYNC  PCRCCNT 
CONPLCTION  OISPUAV 


IS  THE  SYNC 
CESS  GOINO  ON  NOH7 


• BURST  DISPLAY 


CONVERT  FREQ  NUHBCR  IN  AROI  TO 
INDEX  FOR  READING  THE  8 Q BURSTS 
FOR  I FREQUENCY 

CLEAR  DOUBLE  REGISTER  FOR  DIGITS 


READ  1 Q BURST  SCALED  B1 

fS  THIS  Q GREATER  THAN  17 


SET  DISPLAY  DIGIT  TO  A 9 WHICH 
IS  THE  HAXIHUH  DISPLAY 


FORH  9 • Q«*.5  AT  BIS 

THIS  HILL  GIVE  A NUMBER  FROM 
0 TO  8 IN  THE  LSB'S  OF  Tl« 
WORD  WHICH  IS  almost 
EQUAL  TO  THE  TENTH'S  PLACE 
OF  Q*»^S 


X 


NORT  7 3- A 8 


PAOC  OMI 


SHIFT  DISPLAY  OVCR  I DIGIT 
ADD  IN  THE  NEXT  DIGIT 


--^ARE  there  HORt  ^ 
QS  FOR  THIS  FREQUENCY? 


SET  UP  THE  G DIGITS  TO  DISPLAY 
IN  THE  N LEFT  OtOITS  OF  EACH 
REGISTER 

BLANK  THE  REMAINING  DIGITS  OF 
THE  LEFT  DISPLAY  REGISTER 


DURING  SYNC  Q STORAGE  * 9 
CONTAINS  DELTA  C - CO  HHERE 
DELTA  C - CILARGESTt  - CIBIO 
LARGEST!  HITH  THE  2 C'S  NOT 
ADJACENT.  Q STORAGE  ♦ H CON- 
TAINS CO 

FORM  delta  C 


IS  the  1ST  SYNC  ^ 
10  SEC  PERIOD  COMPETE  YET? 

(DELTA  C NOT  0)  ^ 


COMPUTE  DELTA  C / CO 

HHICH  EQUALS  PERCENTAGE  / 100 


NORT  73-^8 


PAGE  0022 


1 

i_H5 

roRH  pePCCNTAcc  • io/2*»i5  to 
Give  the  tens  digit  in  TKC  LOU 
BITS  or  the  leet  halp  or  a 32 
BIT  REGISTER 

roRH  remainder  • I0/2**M  i ignore 
the  sign  bit  in  this  OPERATION) 
TO  GIVE  THE  ONES  DIGIT  IN  T»C 
MSB'S  or  THE  RIGHT  HALE  OP  THE 
32  BIT  REGISTER 

SHIET  THE  DOUBLE  REGISTER  RIGHT 
ONE  character  to  align  THE 
DIGITS  UITH  the  2 LOH  DIGITS  Or' 

the  leet  display  register 

BLANK  THE  M HIGH  CHARACTERS  OF 

the  leet  and  right  displays 


1 

' $10 

BLANK  THE  2 LOM  DIGITS  IN  THE 
RIGHT  DISPLAY 
CLEAR  both  LEGENDS 

RETURN  TO  MAIN  DISPLAY  ROUTITC 


BBK 


STATUS  FAIL 


USE  TEST- FAIL- TEMP  DOUBLE 
WORD  POSTED  BITS  TO  LIGHT 
CORRESPONDING  LIGHTS  ON  THE 
Ct I- PANEL  UPPER  LEFT  KEY- 
BOARD LAMPS 


(See  Volume  XI  for  Discussions  of  Test 
Failures) 


BLANKS  - GEN 


0048 
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r f 


j 


ptac  OMX 


• CNTctt  »cic  ron  poi  van 


1 


COMPUTE  IPII  ♦ P22»»».8 

CONVERT  POS  VAR  TOR  DISPLAY 

IN  NAUTICAL  MILES 

GCN 

1 

SIO  DISPLAY 

BLANK  THE  LEFT  0 
RETURN  TO  MAIN  0 

I SPLAY 

ISPLAY  ROUT  lie 

BLANKS  OCN 


n 


Vol  X 


• ENTER  here  rOR  RANGE  A^O  BEARINS 

• RANGE  START  POINT  IS  IN  AROI 

• RANGE  END  POINT  IS  IN  ARC< 


PAGE  002N 


^M2c  oorr 


COMPtjTC  PHASC  CORRCCTION  FOM 
T|»C  OIFFERCNCC  BCTtCEN  BASC/STA 
BSV  i 0 PMl  KI 


APPLY  CORRCCTION  TO  PMl  eSTIHATC 


IS  THIS  STATUS  -CCOH? 
flag  B SET 


IS  THIS  PHASE 
difference? 


CORRECT  FOR  TO  (OSCILATOR 

drift  rate) 


ADD  PHI  ESTIMATE  FROM  THE 
TRACKING  FILTER.  DISCARD 
LANE  COUNT  AND  SAVE  RESULT 
IN  SCRATCH  STORAGE 


Vol  X 
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PACE  002« 


SET  UP  ANGtCS  IN  STORAGE  IN 
ORDER  or  DISPLAY  EACH  HILL  BE 
DtSPLAVEO  IN  2 DIGITS  ON  PAICL 
FROM  RIGHT  TO  LEFT  ACROSS  BOTH 
REGISTERS 

ORDER  - 13.6.  II. 3.  10.2. 

13.6  - 10.2.  13.6  - 11.3. 

11.3  - 10.2 

SET  UP  COUNTER  TO  CYCLE  TIC 
6 DISPLAYS 


COMPUTE  ANGLE  BETWEEN  STATION 
AND  CRAFT 


READ  HORO  INTO  UPPER  HALF  OF  A 
32  BIT  REGISTER 

multiply  END  AROUND  BY  10  TO  OCT 
TENTHS  OF  CYCLE  IN  LSB'S  OF 
SECOND  HALF  OF  HORO 
MULTIPLY  FIRST  HALF  BY  I0/2*«16 
TO  GET  THE  HUNDREDTHS  DIGIT  IN 
THE  LSB'S  OF  THE  FIRST  HALF 
SHIFT  BOTH  DIGITS  LEFT  TO  TIC 
MSB'S 

SAVE  IN  SCRATCH  WORD 


COMPUTE  ANGLE  BETWEEN  BASE 
STATION  & CRAFT 


BSV 


COMPUTE- THETA  1 


THETA  1 STATION- BASE 
(SUBTRACT  BASE  OUT) 


$7 


COMPUTE  PREDICTED  PHASE  MEA- 
SUREMENT FOR  STATUS  COHER- 
ENCY FOR  SELECTED  STATION. 


SET  UP  6 COUNTER  TO  PACK  THE  6 
DIGITS  OF  ONE  DISPLAY  REGISTER 

_ _ 1 

PACK  DIGITS  OF  1ST  3 HORDS  FOR 
the  left  DISPLAY  REGISTER 

BSV 



S3 

MOVE  data  FROM  LEFT  DISPLAY  TO 

THE  RIGHT  DISPLAY 

S3 

SHIFT  DOUBLE  HORO  RIGHT  1 DIGIT 

ADD  1 DIGIT  TO  the  DISPLAY  FROM 
SCRATCH  STORAGE 

Vol  X 


49 


NORT  73-48 


r 


PAOC  0029 


• BASE  STATION  TRACKING  FILTER  OISRLAY 


• SCALE  PHI  IN  CYCLES/ 10  SEC  AKO 

• DISPLAY  H OlOlTS  TO  RIGHT  OF 

• DECIMAL.  THE  12  DIGITS  ON  T»C 

• DISPLAY  HILL  READ  10.2.  13.6 

• AND  1 1. 3 FROM  LEFT  TO  RIGHT 
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PUIK.  MM 


• CNTCR  »CI«  rOR  O-OMT  OISRI.AV 


CRCATC  S RCOISTCRS  FOR  T»C 

DISPLAY  DATA 

RCAO  TI»C  AT  TURN  ON 

I RCFERCNCCO  TO  JAW  I.  1972? 


rORH  TIRE  AT  TURN  ON  *■  TINE 

SINCE  turn  on  in  DAYS  Bit 

EXTRACT  FRACTIONS  OF  A DAY 

AfC  CONVERT  TO  HOURS  AT  BIS 


CONVERT  2 DIGITS  TO  BCD  WITH 
DIGITS  SHIFTED  INTO  A REOISTER 

isv  T~iT 


CONVERT  REMAINDER  TO  MINUTES 
SCALED  BIS 


CONVERT  2 DIGITS  TO  BCD  WITH 
DIGITS  SHIFTED  INTO  A REOISTER 

MV  inf? 


CONVERT  remainder  TO  SECONDS 
SCALED  BIS 
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3L 


(I  CONVERT  2 DIGITS 

TO  SCO  WITH  1 

II  DIGITS  SHIFTED  INTO  A REGISTER  1 

8SV 

S7 

• THE  time  display  FOn  T»c  RIOHT 

• display  reoister  is  cowletc 


K 

SCALE  DAYS  SINCE  JAM  I.  1972 

RESET  FLAG  D 


REMOVE  EXTRA  DAY  FOR  LEAP  YEAR 
FROM  THE  DATE 


1^ 

SE 

COMPARE  NO.  OF  DAYS  REMAININO 


AGAINST  38S 


FORM  DAYS  - 365 
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PUX.  00»« 


«s 


AOO  72  TO  VC  Aft  COUNT  TO  OCT 

total  tears  at  »I5 


CONVERT  2 DIGITS  TO  SCO  HITH 
DIGITS  SHITTED  INTO  A WCGISTEW 


BSV 


S7 


START  A LOOP  TO  COUNT  T»C  HONTI« 
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^AOC 

• CNTCN  HENC  ron  LOP 


• ENTER  HERE  AS  SUeROUTINE  TO 

• CONVERT  RIGHT  DISPLAY. 

• FALL  INTO  ROUTirC  TO  CONVERT 

• LEFT  DISPLAY  AND  EXIT 


BBK 


• COMPUTE  LOP 

• 

• THIS  ROUTINE  HILL  COMPUTE  THE  LOP  FOR  T»C  STATION  PAIR  DISPLAYED  IN 

• THE  LEFT  OR  RIOHT  LEGEND 

• 

• ENTER  HERE  FOR  RIOHT  DISPLAY 


1 


003S 
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^AOC  OOM 


BBK 
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PACC  oora 


^ACC  OOHO 


f 


J 


• ENTER  HERE  EOR  NCTR  DISRLAV 


r RORIt 

COMPUTE  POINTERS  fOR  THE  3E  tlT 
SIOMA  SO  PHI  PHI  AND  THE  IS  SIT 

sigma  so  n counter  roR  this 

STATION  (AROn 


I 


READ  AND  CONVERT 
KALMAN  DUMPS  FQR 

TX  2 DIGIT 

10.2 

BSV 

XTSl 

J 

OET  SIGMA  AND  N FOR  10.2  <2  DIG- 
ITS! AND  K DUMPS  FOR  IS.B  121 

BSV 

! 

XT 

SET  UP  FIRST  6 DIGITS  FOR  T»C 
left  DISPLAY  REGISTER 

! 

GET  SIOMA  AND  N FOR  13. S 12  DIG- 
ITS) AND  K DUMPS  FOR  11-3  -12) 

BSV 

1 

XT 

SET  UP  THESE  H DIGITS  FOR  THE  N 
HIGH  ORDER  DIGITS  OF  TX  RIGHT 
DISPLAY 

J 

GET  SIGMA  AND  N FOR  11-3  12  DIG- 
ITS! - IGNORE  REMAINING  2 DIGITS 

BSV 

J 

XT 

PLACE  LAST  2 DIGITS  INTO  TX  LOH 
DIGITS  OF  TX  RIGHT  DISPLAY 

XTURN  TO  MAIN  DISPLAY  ROUTIX 

BBK 


• CONVERT  N,  KALMAN  DUMPS  AND  VARIANCE 

• 

• THIS  ROUTINE  IS  USE  tV  THE  NCTR  DISPLAY  ROUTINE  TO  OET  THE  N COUNTS. 

• KALMAN  DUMPS  AND  SQURE  ROOT  OF  THE  TRACKING  FILTER  VARIANCE.  THE 

• ARGUMENTS  CONSIST  OF  POINTERS  TO  N COUNT  AND  SIOMA.  TKC  OUTPUT  DIGITS 

• ARE  LEFT  IN  THE  6 MOST  SIGNIFICANT  DIGITS  OF  A 32  BIT  REGISTER. 
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• CNTen  HERE  FOR  KALMAN  DUMPS  ON-Y 
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PAOC  OOSt 


• CNTCR  »<NC  ron  han  h/s 


POP  10 


IS  DISPLAY  FOR  SHIP? 


• DISPLAY  INSERTED  HAN  V/H 


READ  PSI  A HHICH  HILL  CONTAIN 
THE  INSERTED  HEADING  IF  THE  HOOC 
IS  MANUAL  VEL/HDO  OTHERWISE  TT 
HILL  CONTAIN  SHIPS  TRUE  HEADING 


CONVERT  HEADING  FOR  DISPLAY  | 

GEN  I BEARING  DISPLAY 


READ  INSERTED  VELOCITY 
SCALE  AT  Bie  FT/SEC 


NO  (*Z)  POP  13 


CONVERT  VELOCITY  FOR  DISPLAY 

oSi  I SPEED  DISPLAY 


RETURN  TO  MAIN  DISPLAY  ROUTIIC 

BY  ENTERING  SWAP 

BBK 
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• ENTER  HERE  FOR  INPUTS 
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3.2  CONTROL -INDICATOR  INTERRUPT  ROUTINE 


The  following  routines  may  be  found  in  this  section; 


ROUTINE 

ROUTINE 

PANEL  INPUT 

PANEL  PIN  SUBROUTINES 

66 

LOOP /FLOAT 

50 

PANEL  CLEAR 

52 

CLEAR  PANEL 

68 

HOLD /NORMAL  ENTRY 

52 

INPUT  GROUP 

69 

DISPLAY  PROCEDURES 

53 

ACCEPT  GROUP 

70 

POSITION 

54 

WITH  ACCEPT  LIGHT 

70 

ETE-CSE 

54 

STATION  PAIR 

71 

RANGE -6RG 

54 

INPUT  EiAST  OR  WEST 

72 

LOP 

55 

ARGUMENT  INPUT 

73 

STATUS 

55 

DIGITS 

74 

COMPLETE 

56 

DISPLAY  CONVERSION 

78 

NCTR 

57  • 

BCD  TO  BINARY 

83 

COH 

58 

(MAKE  TWO  BINARY) 

85 

INSERT  PROCEDURES 

59 

LAT/LONG  SCALING 

86 

END  BY  ACCEPT 

56 

BINARY  TO  BCD 

87 

POSITION 

60 

MAKE  LAT/LONG 

88 

D-GMT 

62 

MAKE  RANGE  & BEARING 

89 

MAN  V/H 

ei 

VAR  SAVE 

91 

RZ  V/H 

63 

VELOCITY  MAGNITUDE 

92 

OMEGA  STATION  SELECT 

64 

POSITION  VECTOR 

93 

SLOW  (NON  OMEGA  TASKS) 

94 

RZ  POS  UPDATE 

95 

RZ  TIME  UPDATE 

96 
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3.2.1  PANEL  INPUT  Description 

PANEL  INPUT  is  the  Interrupt  Routine.  It  processes  all  control/indicator 
Interrupts  which  are  activated  by  the  depression  of  a panel  button.  It  is 
also  entered  after  panel  test. 

It  is  this  interrupt  routine  which  provides  the  interface  between  the  opera- 
tor action  and  the  routine  processing  of  the  PANEL  MAIN  routine  (Section  3.1). 
PANEL  INPUT  manipulates  the  panel  lights,  checks  the  validity  of  operator 
procedures,  tracks  the  procedures  when  a series  of  operator  actions  are  re- 
quired and  puts  data  in  the  proper  form  for  processing.  To  accomplish  this, 
much  use  is  made  of  the  Panel  Pin  Subroutines. 

3.2.2  Panel  Pin  Subroutines 

The  panel  pin  subroutines  are  used  extensively  by  the  Panel  Interrupt  Routine. 
They  were  devised  as  a programming  convenience  as  a result  of  the  unique  and 
advanced  design  of  the  NDC-1070  computer.  The  necessity  for  their  use  is  due 
to  the  fact  that  the  input/output  procedures  are  sequentially  dependent  on 
the  action  of  the  operator. 

In  the  operational  OMEGA  program  the  push-down  stack  is  used.  This  hardware 
device  led  to  the  interleaved  program  sequencing  concept  (see  Volume  II) 
which  normally  has  many  routines  at  some  point  of  processing  simultaneously 
(this  does  not  say  that  they  are  being  processed  simultaneously).  However, 
the  processing  time  of  these  routines  of  the  OMEGA  software  are  well  known 
so  that  each  is  finished  within  sufficient  time  of  the  data  constraints. 

The  Panel  Interrupt  Routines  cannot  be  handled  in  the  push-down  stack  since 
the  timing  of  many  of  the  procedures  depends  upon  when  the  omega  operator 
decides  to  push  the  next  button.  This  delay  is  not  tolerable  to  the  push- 
down stack  concept.  Consequently,  the  Panel  Pin  Subroutines  use  two  memory 
registers;  LINKWORD  for  the  Accept  Group  Subroutines,  and  PROCWORD  for  the 
Input  Group  Subroutines.  This  is  displayed  in  Table  2.  The  difference 
between  the  groups  is  that  an  Accept  Group  subroutine  can  use  an  Input  Group 
Subroutine,  but  this  is  not  reversible. 

The  Panel  Pin  Subroutine  is  designated  as  a user  defined  block  in  the  Flow 
Diagrams : 


Panel  Pin  Subroutine  Designator 
where  a will  be  INPUT  or  ACCEPT 


b will  be  a Panel  Pin  Subroutine 
c is  never  printed  but  here  re- 
presents the  memory  address 
of  the  next  instruction  after 
the  Panel  Pin  Subroutine  de- 
signated above  it. 
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GROUP 

PROCESS  NAME 

SUBROUTINE  ENTRY 

REGISTER 

INPUT 

UPPER  LEFT  KEY 

PANOUT 

PROCWORD 

UPPER  RIGHT  KEY 

PANOUT  $7 

LOWER  KEY 

PANOUT  $1 

ACCEPT 

WITH  ACCEPT  LIGHT 

OUTWAL 

LINKWORD 

TWO  DIGITS 

INSTWO 

THREE  DIGITS 

INSTHREE 

FIVE  DIGITS 

INSFIVE 

SIX  DIGITS 

INSSIX 

EAST  OR  WEST  . 

ENTEREW 

LEFT  STATION  PAIR 

STAPAIR 

RIGHT  STATION  PAIR 

STAPAIR$1 

ARGUMENT 

ARGINPUT 

(MISC) 

CLEAR  PANEL 

PANEL  PIN  $2 

(NONE) 

Panel  Pin  Subroutines,  page  67,  Flow  Diagrams 
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The  address,  c,  will  be  stored  in  LINKWORD  or  PROCWORO  depending  upon  whether 
label  a is  ACCEPT  or  INPUT  respectively.  The  program  then  branches  to  the 
appropriate  Panel  Pin  Subroutine  and  executes.  Sequencing  may  or  may  not  ! 

return  to  the  address  in  the  LINKWORD  register  prior  to  exit.  At  the  next  i 

Panel  Interrupt  sequencing  is  initiated  at  the  address  in  PROCWORD.  The  use  [ 

of  the  Panel  Interrupt  Routine  with  the  Panel  Pin  Subroutine  is  given  in  | 

Table  3,  which  is  an  example  of  a first-time,  date  and  time  insert.  i 
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>3 
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a 

button  which  effectively  ends  procedure.  It 

Is  assumed  here  that  new  date  and  time  are 
entered. 

Call  Panel  Pin  routine:  Accept,  With  Accept 
Light,  and  save  address  of  next  instruction, 
this  routine,  in  LINKWORD  register. 

1)  Checks  for  CLEAR  or  ACCEPT,  then  branches 
to  Accept,  With  Accept  Light  procedure. 

1)  Turn  on  ACCEPT  Light,  put  appropriate 
digit  in  switch  mask. 

2)  Branch  to  PANEL -PIN  subroutine:  Input, 
Upper  Left  Key,  and  save  address  of  the 
next,  instruction  of  this  routine  in 
PROCWORD. 

3)  Exit. 

1)  Checks;  find  Lower  15  Keyboard  entry; 

transfers  to  address  in  PROCWORD  register. 

4)  (continued  via  PROCWORD).  ACCEPT  Lamp 
Turned  Off  with  entry  of  first  digit. 
Display  cleared. 

5)  Transfer  to  address  in  LINKWORD  register. 

3)  Store  63/$92  in  LINKWORD  register. 

4)  Transfer  to  DIGIT  INPUT  procedure  to  mani- 
pulate incoming  data. 

1)  Processes  data  of  left  register. 

2)  Transfers  to  LINKWORD. 

1)  Call  Panel  Pin  Routine  - Accept,  Six 

Digit  Routine. 

1)  Processed  data  on  right  register. 

2)  Call  Panel  Pin  - Accept,  with  Accept  Light 

4) 
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Date  and 
Time  In 
Digits 
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s \ 

Ui  Q 
H P 

a 

1 

h4 

p56/$>fl 
(not  used) 

b c 

s 1 

B 

id 

.3 

DESCRIPTION  OF  FUNCTIONS  PERFORMED 

and  store  In  LINKWORD,  The  address  of  the 
Instruction  which  will  initiate  the  input 
error  routine  if  operator  should  push  any 
other  button  but  ACCEPT. 

1)  Turn  on  ACCEPT  Lamp. 

2)  Call  Panel  Pin  subroutine:  Input,  Upper 
Left  Key. 

1)  Exit. 

1)  Call  Insert  procedure. 

1)  Test  for  ACCEPT. 

2)  Branch  to  Display  procedure  complete. 

1)  Turn  off  ACCEPT,  take  ACCEPT  digit  out  of 
Switch  Mask. 

2)  Set  up  date  to  be  used  in  appropriate 
non-OMEGA  task  routine. 

3)  Dummy  transfer  to  Panel  Pin  - Input, 

Lower  Key. 

1)  Check  and  transfer  to  Input,  Lower  Key 
and  save  address  of  next  instruction  of 
this  routine  in  PROCWORD  register. 

1)  Exit. 

(page) 

FLOW  DGM 

o 

r«. 

O' 

sO 

O' 

O' 

m 

Pv 

m 

— 

69 

LABEL 

1 

PANOUT 

PANEL 

INPUT 

INSACC 

DISFINAL$4 

PANEL 

PIN 



PANOUT $1 

SUB- 

PROCEDURE 

WITH 

ACCEPT 

LAMP 

INPUT 

LOWER  LEFT 
KEY 

INSERT 

DISPLAY 

INPUT 

LOWER  KEY 

PROCEDURE 

CALLED 

PANEL 

PIN 

& 

if 

S M 

PANEL 

PIN 

OPERATOR 

ACTION 

Depress 

ACCEPT 
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3.2.3  Description  of  PANEL  INPUT  Routines 
3. 2. 3.1  Panel  Interrupt  Procedures 

The  Panel  Interrupt  Routine,  pages  49-51,  may  be  thought  of  as  a panel  execu- 
tive routine.  It  is  entered  whenever  a panel  interrupt  occurs,  which  is  to 
say,  whenever  a button  is  depressed.  The  sequence  of  the  routine  is  as 
follows : 

a)  Is  the  panel  in  the  test  mode?  If  so,  continue  testing. 

b)  Is  the  depressed  button  valid?  If  not,  call  Panel  Pin  Routine;  Sub- 
routine Clear  Panel.  If  so,  continue. 

c)  Is  the  depressed  button  one  of  the  15  lower  keyboard  keys?  If  so,  then 
this  means  that  a procedure  is  already  in  progress,  and  that  the  address  of 
the  next  instruction  in  that  procedure  is  contained  in  the  register 
designated  as  PROCWORD.  If  not,  continue. 

d)  Since  it  is  none  of  the  above  then  it  must  be  that  a new  procedure  is 

being  initiated;  either  CLEAR,  DISPLAY,  ACCEPT /INSERT , HOLD/NORMAL^LOOP/FLOAT 
or  PANEL  TEST.  In  this  case  the  panel  interrupt  routine  branches 
to  the  appropriate  routine  as  indicated  in  Table  4. 


TABLE  4 INTERRUPT  PROCEDURE  MAP 

This  map  yields  the  flow  diagram  page  upon  which  the  indicated  routine  can  be 


found. 

1) 

CLEAR  depressed  (or  failure  of  validity  test); 
CLEAR  PANEL,  page  68. 

Panel  Pin 

Subroutine : 

2) 

HOLD /NORMAL  depressed;  Panel  Input  Subroutine: 

HOLD/NORMAL  entry  page  52. 

3) 

panel  test  depressed;  see  Volume  XI,  3.1.2  (h). 

4) 

DISPLAY  depressed;  Display  Procedures:  pages 

53  to  58 

(Table  $10) 
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TABLE  4 (Continued) 


ROUTINE 

PAGE 

ROUTINE 

PAGE 

ROUTINE 

page 

POS 

54 

R-BRG 

54 

INPUTS 

56* 

STATUS 

55 

ETE-CSE 

54 

NCTR 

57 

RZ-POS 

54 

COH 

57 

RZ  H/S 

54 

POS  VAR 

56* 

D-GMT 

56* 

AUTO  H/S 

56* 

LOP 

55 

MAN  H/S 

54 

LOOP /FLOAT 

50 

* Each  routine  processed  by  DISFINAL  routine  since  no  other  action  is 
necessary. 


5)  INSERT  depressed;  Insert  Procedures:  pages  59  to  65  (Table  $7) 


ROUTINE 

PAGE 

ROUTINE 

PAGE 

POS 

60 

INPUTS 

64 

D-GMT 

62 

RZ-  H/S 

63 

MAN  H/S 

63 

a)  Panel  Clear  (page  *>2) : This  routine  places  panel  in  the  quiescent  state 
and  turns  on  INSERT  and  DISPLAY  indicators. 


Panel  Test:  Initiates  panel  test  (discussed  in  Built-in-Test). 

b)  Hold/Normal  Entry:  At  the  time  the  HOLD  button  is  depressed  the  HOLD  MRK 
is  set;true  and  the  data  indicated  below  is  transferred,  as  is,  to  special 
registers  whence  they  may  be  displayed  as  desired.  The  star  on  the  vari- 
ables represents  data  in  the  HOLD  mode.  If  the  HOLD  button  is  not  depressed 
and  any  of  the  below  data  is  displayed,  that  data  will  change  on  the  dis- 
play reflecting  normal  updating.  At  the  time  the  NORMAL  button  is  de- 
pressed the  HOLD  MRK  is  set  false. 


'"’a-  ♦‘a 

''*TAS  • '‘a 


Current  submarine  position 
Calculated  velocity  and  track  angle 

Ship's  E.M. , log  and,  if  not  in  MAN  mode,  MK  19  heading 
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R*P^,  Range  and  bearing  to  selected  destination  i 

ETE*^  Estimated  time  to  selected  destination  i 

DATE*,  GMT*  Date  - Greenwich  Mean  Time 

c)  Display  Procedures  (page  53);  When  the  panel  interrupt  routine  determines 
that  a display  procedure  has  been  initiated  then  the  sequencing  branches 
to  DISTART.  This  procedure  will  prepare  the  panel  by  turning  off  INSERT, 
ACCEPT  and  DISPLAY  indicators  and  turning  on  the  lower  15  keyboard  indi- 
cators. 

The  address  of  the  next  instruction,  page  53  /DISTART+4, is  saved  in 
PROeWORD  and  the  routine  is  exited.  The  operator  at  his  convenience, 
will  then  choose  a display,  the  Panel  Interrupt  Routine  will  branch  to 
the  address  in  PROCWORD  and  one  of  the  procedures  in  Table  $10  on  page  53 
will  be  Initiated.  These  procedures  are  described  next. 

d)  Panel  Interrupt; 

1)  Position  Display  (page  54):  This  display  procedure,  combined  with 
that  of  ETE-CSE  display  below, prepares  the  panel  for  operator  selec- 
tion of  either  submarine  destination,  or  rendevous  position.  P54/$l 
turns  on  SUB  indicator. 

2)  ETE-CSE  (page  54):  The  indicators  0-9  and  RZ  are  activated,  address 
of  P54/$33+l  is  saved  in  LINKWORD,  and  a panel  pin  subroutine  is  used 
to  set  up  ARGl  for  whichever  of  the  proper  buttons  is  depressed. 

The  Argument  Input  subroutine  uses  another  Panel  Pin  Subroutine, 
Input-Upper  Left  Key,  to  exit;  also,  saving  the  address  of  P73/2  in 
the  PROCWORD  register.  Upon  depression  of  one  of  the  illuminated  in- 
dicators the  sequencing  will  return  via  PROCWORD  to  P73/2,  thence  via 
LINKWORD  to  P54/$33+l  and  precedure  complete. 

3)  R-BRG  Display (pages  54,55):  This  display  procedure  demands  a start 
point  and  an  end  point.  The  SUB,  0-9  and  RZ  lamps  are  turned  on  for 
start  point  selection. 

Upon  depression  of  start  point  it  is  turned  off  so  that  the  operator 
cannot  select  the  same  point  as  end  point.  Start  point  is  saved  in 
ARGl  and  end  point  in  ARG2. 

4)  LOP  Display  (P55/$5):  This  procedure  immediately  calls  Accept  Left 
Station  Pair  which  will  turn  on  station  lamps  and  exit  while  waiting 
for  operator  to  select  a station.  The  LINKWORD  register  is  used  to 
return  to  P55/$5+l,  but  prior  to  that  the  PROCWORD  register  is  used 
to  return  sequencing  to  the  S tat  ion  pair  subroutine  which  turns  off 
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the  indicator  just  depressed  to  prevent  operator  from  selecting  the 
same  station  for  the  second  entry. 

When  the  operator  selects  the  second  station  the  sequencing  returns 
to  P55/$5+l  via  LINKWORD  and  the  same  procedure  is  followed  for  the 
right  station  pair. 

Upon  completion  the  procedure  continues  through  that  of  STATUS  display 
at  $55. 

5)  Status  Display  (Page55):  Turns  on  the  0,  1,  2,  INPUTS  AND  COH  indicators 
for  desired  selection.  Upon  depression  of  selected  frequency  the  routine 
saves  it  in  ARGl,  then  exits  via  DISFINAL.  If  INPUTS  is  selected  the 
test  failures  are  displayed  (See  Vol  XI).  For  COH  see  Page  57. 


6)  Display  Procedure  Complete  (Page  56):  These  panel  interrupt 
procedures  administer  the  data  input  and  the  procedural  demands  of 
the  operator.  However,  they  do  not  process  data.  Consequently, 
the  first  task  here,  P56/DISFINAL,  is  to  flag  the  display  routine 
desired  by  the  operator.  The  routine  is  now  selected  by  the  non-fl- 
task  table  and  the  data  will,  be  processed  by  the  procedures  discussed 
in  PANEL  MAIN. 

The  selected  display  procedure  Is  illuminated  on  the  panel  for 
operator  convenience  as  is  INPUT  and  DISPLAY  indicators. 

Panel  interrupt  routine  is  exited  here. 

7)  NCTR  Display  (Page  57):  Turns  on  all  station  indicators.  Uses 
Panel  Pin,  input  upper  test  key,  routine  to  handle  station  data. 

8)  COH  Display  (Page  58):  Turns  on  all  station  indicators.  Uses 
Panel  Pin,  input  upper  test  key,  routine  to  handle  station  data. 

6)  Insert  Procedures  (Pages  59-60): 

When  the  panel  interrupt  routine  determines  that  an  Insert  procedure 
has  been  initiated  (i.e.,  INSERT/ACCEPT  button  depressed)  then  the 
sequencing  branches  to  INSACC.  All  insert  procedures  are  initiated 
and  controlled  here. 

If  the  ACCEPT  button  was  depressed  then  sequencing  branches  to  P57/$4 
which  ends  an  Insert  procedure  (discussed  above). 

If  the  insert  button  is  depressed  then  ACCEPT,  INSERT  and  DISPLAY 
are  turned  off  and  the  insert  procedural  indicators  turned  on.  Upon 
depression  of  an  insert  procedure  the  sequencing  branches  to  one  of  the 
items  of  Table  $7  on  Page  59/(bottom). 
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1)  Insert  End  by  depressing  Accept  (p56-57) 

This  procedure  will  end  an  Insert  procedure  and  set  up  the  selected 
routine  for  processing  by  the  non-fl-task  table. 

2)  Position  Inserts  (pages  60-61) 

The  three  types  of  position  inserts,  i.e.,  submarine,  destination  or 
rendezvous,  are  included  in  the  position  insert  procedures. 

p60/$l  to  $19:  Craft  position  (Sub  or  Rz)  cannot  be  entered  until 
the  ET  lamp  is  off. 

Once  it  has  been  determined  that  a vehicle  position  is  to  be  Inserted 
then  the  branch  at  p61/l  will  mark  it  as  a special  insert  routine  for 
the  Panel  Pin  Subroutines,  Accept  Group-digit  input  (page  74).  This 
routine  will  permit  a position  quality  insert  prior  to  illuminating 
the  accept  lamp. 

3)  D-GMT  insert  p62/$9  - p63/$92 


This  procedure  is  completely  documented  as  an  example  in  Table  3, 
document  pages  74-76. 
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Pages  63  through  65 

The  following  procedures  are  short  and  adequately  explained  by  the 
flow  diagram. 

Procedure  Flow  Diagram  Page 


4) 

MAN  RZ  H/S 

63 

5) 

OMEGA  STATION  SELECT  (INPUTS) 

64 

f)  Panel  Pin  Subroutines,  page  66,  67 

p66/PANEL  PIN.  At  any  time  a Panel  Pin  subroutine  is  called,  this  is 
the  entry  point . 

The  Panel  Pin  subroutine  checks  first  for  the  CLEAR  subroutine,  in  which 
case  a branch  to  p67/$2  will  clear  the  panel. 

If  not  then  a check  is  made  to  find  out  if  the  routine  selected  by  the 
calling  routine  is  in  the  ACCEPT  group.  If  so  the  return  address  to  the 
calling  program  is  saved  in  the  LINKWORD  register.  If  not  then  it  must 
be  a routine  in  the  INPUT  group  in  which  case  it  is  saved  in  the  PROCWORD 
register . 

Note  that  even  though  that  address  saved  in  the  LINKWORD  is  also  saved 
in  PROCWORD  that  there  is  no  conflict  as  the  PROCWORD,  if  used,  is  always 
the  last  entry. 

The  routine  now  branches  to  the  specific  Panel  Pin  subroutine  listed  in 
the  table  on  p67 . 

1)  CLEAR  PANEL  (page  68) 

Puts  program  and  Panel  in  the  quiescent  state. 

2)  Input  Keyboard  Button  p69 

This  routine  is  used  to  exit  the  Panel  Interrupt  routine  i4ille  a pro- 
cedure is  in  progress . This  routine  is  the  INPUT  group  of  Panel  Pin 
Subroutines : 
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Subroutine  Entry 

INPUT  UPPER  LEFT  KEY  PANOUT 

INPUT  UPPER  RIGHT  KEY  PANOUT  #4 

INPUT  LOWER  KEY  PANOUT  #1 

There  are  three  registers  whose  bits  control  the  indicators;  one 
for  the  upper  left  indicators,  one  for  the  upper  right  indicators 
and  the  other  for  the  lower  indicators . The  switch  mask  will  com- 
bine all  positive  bits  into  a mask  such  thau  when  a button  is  de- 
pressed on  the  panel  the  Panel  Interrupt  routine  can  check  the 
button  against  the  switch  mask  as  a validity  check.  The  switch 
mask  is  formed  here. 

All  indicators  turned  off  or  on  by  other  procedures  are  activated 
or  deactivated  here. 


3)  ACCEPT  - WITH  ACCEPT  LIGHT  (page  70) 

There  are  many  procedures  which  have  the  option  of  inserting  data 
or  accepting  that  data  which  has  been  input  or  generated  previously. 
This  subroutine  controls  the  sequencing.  The  routine  uses  INPUT- 
UPPER  LEFT  KEY  subroutine  to  exist,  saving  the  address  of  p70/3  in 
the  PROeWORD  register  as  a return  if  the  ACCEPT  button  is  not 
depressed . 

Upon  depression  of  any  other  button  the  sequence  returns  to  p70/3 
where  the  ACCEPT  indicator  is  turned  off,  accept  bit  is  deleted  from 
the  switch  mask,  the  display  of  the  old  data  is  cleared,  and  the 
return  to  the  procedure  is  via  LINKWORD. 

4)  ACCEPT  STATION  PAIR  (page  71) 

This  routine  in  the  Accept  Group  is  used  by  the  LOP  Display  Proce- 
dure to  allow  the  operator  to  select  a pair  of  stations  and  display 
the  selected  pair  in  the  Legends. 

5)  ACCEPT  INPUT  EAST  OR  WEST  (page  72) 


Allows  the  operator  to  select  East  or  West  Longitude  and  Display 
the  E or  W in  the  Right  Display  Legend . 

6)  ACCEPT  ARGUMENT  INPUT  (page  73) 

This  routine  will  execute  an  "input -upper  left  key"  and  save  the 
button  number  in  ARGl  and  the  lamp  bit  in  image  11.  It  is  used  by 
procedures  that  want  to  pass  the  Isutton  number  (upper  left)  to  the 
display  or  insert  routines . 
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7)  ACCEPT  - DIGITS  (page  74-77) 

Processes  strings  of  2,  3,5  and  6 digits.  It  assumes  that  the  last 
digit  in  goes  into  the  right  most  digit  of  the  display  and  all 
others  are  placed  accordingly.  It  will  look  for  the  "SPECIAL 
INSERT"  flag  and  request  a position  quality  insert  from  operator 
prior  to  turning  on  ACCEPT  lamp. 

Display  Conversion  Routine  (page  78) 

This  routine  will  convert  data  to  BCD  for  display  and  set  up  the  legend. 
The  flow  diagram  presents  more  details. 

Reference  to  this  subroutine  in  the  flow  diagrams  is  by  a subroutine 
call  designator,  with  the  word  GEN  lower  left  and  the  specified  data 
printed  lower  right . This  subroutine  is  used  at  the  following 
locations : 


p90/l 


pl8/4,6  p42/5 

pl9/4,5 

p24/2  p45/2 

p23/2  p46/2,4 

p36/6  p47/2,4 

h)  BCD  to  Binary  page  83-85 


There  are  two  subroutines  here*  BCDTOBIN  and  MAKE  TWO  BINARY. 


BCD  TO  BIN:  This  routine  will  convert  the  6 character  display  image 
to  binary  with  the  least  significant  bit  of  binary  word  equal  to  1 count 
in  the  least  significant  digit  of  the  display. 

MAKE  TWO  BINARY:  This  routine  will  convert  two  BCD  characters  to  binary. 
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1)  Latttude/Longltude  Scaling 

This  routine  takes  latitude  and  longitude  that  has  been  converted  to 
binary  and  changes  It  to  radians  scaled  pi  after  correcting  for  South 
latitude  and  West  longitude. 

j)  Binary  to  BCD 

Converts  a binary  number  (less  tnan  100)  scaled  Bl5  to  two  BCD  charac- 
ters that  are  placed  In  the  2 low  digits  of  a 32-blt  register  and  then 
shifted  left  2 digits. 

k)  Make  Lat  Long 

Computes  latitude  and  longitude  from  a position  vector. 

Lat  = TAN"^  (R1/(R3^  + R2^)'') 


Long  - TAN"^  (R3/R2) 

1)  Make  Range  and  Bearing 

Computes  range  and  bearing  between  two  points  and  converts  the  bearing 
for  display. 

P89/Make  Range  and  Bearing 
Find  the  destination  end  point  D. 

P89/4 

Determine  the  start  point.  Find  latitude  6e  longitude 
P89/$2  ^ \ 


//V 

/N 

I Ro 

• Dj 

1 2 

1 

\ /\ 

\R3 

Di  X Rj 


m)  VARSAVE 

Transfers  the  craft  related  data  used  by  the  various  display  programs 
Into  a special  storage  area.  This  Is  primarily  for  the  HOLD  routine. 
Transfers:  TIME,  V 0^. 
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n)  Velocity  Magnitude 

Computes  the  magnitude  of  the  two  element  velocity  vector  arguments, 
V(mag)  = 

o)  Position  Vector 
Computes  a 3-element  position  vector  from  latitude  and  longitude  argu- 
ments 

\ = latitude 
L “ longitude 

then 

R1  = Sin  (\) 

R2  = Cos  (\)  cos  (L) 

R3  = Cos  (X)  Sin  (L) 

p)  SLOW  Non- - Tasks 

The  SLOW  routine  is  a non- n -task  that  has  a ten-element  table.  One 
element  of  the  table  is  processed  at  each  calling  of  SLOW,  Five  of 
the  table  entries  are  dummy  entries  causing  an  immediate  return.  The 
other  five  are  OPER-P-C  . R2-position  update,  RZ-time  update,  GP-Test, 
and  OSC-Test.  Each  is  processed  once  per  second  in  the  SLOW  routine 
whether  they  are  called  for  display  or  not.  The  last  two  test  routines 
are  described  in  Volume  XI,  TESTS, 

i. 

1)  OPER-P-C  is  a routine  useful  only  when  the  Programmer 
Controller  is  connected  to  the  system.  A test  failure 
display  in  its  LED  lights  and  a GO  NO/GO  condition  is 
displayed.  See  Volume  XI. 
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2) 


RZ-Positlon  Update 

This  routine  will  be  done  whether  the  position  and  velocity  data 
for  a moving  destination  was  Inserted  or  not.  Refer  to  Moving 
Destination  data,  pages  14  and  15  of  flow  diagrams.  As  before,  the 
following  equivalences  are  noted. 


Flow  diagrams 

Eouatlons 

RZ  POS 

°E 

RZ  RATE 

EARTH  RADIUS 

% 

RZ  VEL 

^D 

BETA 

Pe 

Obtain  earth  radius  P of  moving  destination  at  current  position. 
2 ^ 

Pp  = P^(l  - Pq  equatorial  radius  of  earth 

K Is  a constant 


Dg  = Dg  + Vp  At  (Dg  X Pg) 


3)  RZ  Time  Update 

Upon  Insertion  of  the  heading,  speed  and  position  of  the  second 
vehicle  with  which  a rendezvous  will  be  made,  the  computer  program 
will  maintain  an  updated  position  (see  Insert  for  Moving  Destina- 
tion). To  display  the  point  of  Intercept,  the  following  routine 
will  use  the  time  update  equation  for  point  of  departure,  which  Is: 

* V 

where  Vp  = angular  velocity  of  moving  destination  along  great 
circle  course  In  radlans/sec. 
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At  ■ update  rate  of  once  per  second 


moving  destination  route  with  unit  velocity 
position  of  moving  destination 

and  subscript  E represents  the  earth- fixed  reference  frame 


Pe 


Vp  - angular  velocity  of  moving  destination. 
Then  p96/2,3,4 

^L1  ' ^1  ' ^Pe  * *^E^ 


“LI  ' *^1  • °E 


TAN-  (Cli/BlP 


p96/5 


p96/6,7 

''s  ■ <''cl^''c2)^'Pp 
Pp  - Pp 

= earth  radius 

Xp  = latitude  present  position 

p96/8 

Set  t.  . =5  hours 

(o) 

p97/1.2,3,4 

Test:  Is  V > 0 and  V <t.  . ? 

— (p) 

If  so  then  set  t = V 

Vp 

At  ” 10  - 

Marker  A * true 

p97/5 

if  not  then  set  t ■ 5 hrs.  At  • 2.5 
p97/6 

Main  iteration  loop 
At  =At/2 

f(t)  - Cos  (Vp  t - Y ) - Cos  (Vg  t) 


I 

I i 

; 1 
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p97/7  to  p98/5 

Test  f (t)  < 0 

If  so  set  t = t , . + At 
old 

Reset  Marker  A = false 
If  not  and 

Marker  A = true  then  set  At  “ 

Marker  A = false  then  set  t = t^j^j  - At 
Reset  Marker  A. 
p98/6 

Test;  Is  At  >1  second 

If  so  return  to  Main  Iteration  Loop  p97/$l 

If  not  then  time  to  intercept,  t^^g.  is  available  or  last  computed  t. 
p98/7 

P ''p  ‘^ETE 
p98/8 

*^IE  “ ®E  * ®E^  “^P 


p99/2 

Using  the  Make  Latitude -Longitude  Subroutine 
Set  k T = TAN’’-/  ^lEl  \ 


PMtC  0(N» 


PAfCL  l»MT 


• this  PHOCRAM  processes  all  c/I  panel  Ir^TS.  IT  IS  AN  INTERRUPT 

• ROUTINE  ENTERED  HHENEVER  A BUTTON  IS  DEPRESSED  DN  THE  PAfCL.  IT  If 

• ALSO  ENTERED  AFTER  PANEL  TEST.  T«  PANEL  INPUT  NOROS  HILL  CONTAIN  A 

• BIT  THAT  lOENTIFIES  NHtCH  BUTTON  HAS  DEPRESSED.  THIS  ROUTINE  CONTROLS 

• ALL  INSERT  AND  DISPLAV  PROCEDURES. 


i PANEL  IW»OT 

SET  UP  NORHALIZE  COUNTER  TO 
OETERHINE  UHICH  BUTTON 
READ  PANEL  MODE.  SNITCH  HASK. 
KEYBOARD  MASK  AND  PIPIT  COUNT 


^ TIC  PANEL  IN  THE  TEST  H0QE7 
(MODE  NEGATIVE) 


PAN0UTS3 

OOBB 


• NOTE  - ALL  BUTTONS  ARE  IGNORED 

• during  panel  TEST 


READ  CURRENT  STATE  OF  ALL  PANEL 
LAMPS  AND  LEGENDS  FOR  USE  BY  TIC 
VARIOUS  PROCEDURES 
LOGICALLY  'AND'  THE  C/|  INPUT 
UOROS  HITH  THE  SHITCH  AND  KEY* 
BOARD  MASKS.  THE  MASKS  OEFIIC 
THE  VALID  BUTTON  IM>UTS. 


^ HERE  ANY  INVALID 
BUTTONS  DEPRESSED? 


INPUTERROR 

0052 


.-^HAS  MORE  THAN 
(PC  BUTTON  DEPRESSED? 


INPUTERROR 

OOSi 


• ONE  valid  BUTTON  HAS  BEEN  DEPRESSED 


on 


iJORT  73-48 


ao-aoso  «9a 


UNCLASSIFIED 


Af)  ^ 
AoeoAge 
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OCT  73  N00039-73-C-0209 
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HAS  LOOP /FLOAT 
OR  PANEL  TEST 
BEEN  DEPRESSED 


ONC  or  TIC  ^ 
IS  BUTTOI6  IKCYBOAROt 
OCPRCSSCOT  ^ 


• KCVBOARO  BUTTON  ONLY  OCCURS 

• AFTER  A PROCEDURE  HAS  BEEN 

• INITIATED 

E 

SAVE  KEYBOARD  iM>UT  HORO  IMICH 
IDENTIFIES  THE  BUTTON 
NORHALIZE  INPUT  HORO  TO  GET  TIC 
NUMBER  OF  THE  KEYBOARD  BUTTON 
O/A/POS  BUTTON  ••  0 
S/H/SUB  V/H  BUTTON  - IN 


RESUME  PROCEDURE 
PROCHORO  POINTS  TO  THE  ICXT 
INSTRUCTION  IN  TIC  PROCEDURE 


$3 

Page  SI 


PACE  OOSO 


PROCMORD 


• SNITCH  INPUT  - TICSE  BUTTONS 

• EITHER  START  OR  END  PROCEDURES 


READ  SWITCH  INPUT  HORO 


H CONTROL 


HAS  HOLD  PUSHED? 


NORMALIZE  INPUT  WORD  TO  OET  THE 
NUMBER  OF  THE  SWITCH 

SELECT  PROCEDURE 
USE  TABLE  TO  BRANCH  TO  THE 
PROPER  PROCEDURE  FOR  THIS  BUTTON 


* ACCEPT/INSERT>INSACC 
★CLEAR/DISPLAY-DISTART 
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PANEL  TEST 

♦FLOAT/LOOP-FLOAT-LOOP 


NORMALIZE  INPUT  WORD  TO  GET 
THE  BUTTON  NUMBER  SELECTED 
USE  TABLE  TO  BRANCH  TO  THE 
PROPER  PROCEDURE  FOR  BUS 
BUTTON 


PANOUT  $2 
Page  69 
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• CLCAM  ON  CNNON  CNTNV 


i IWTCNNON 

PLACE  PANEL  IN  OUIESCENT  STATE 
^M00E»0. INSERT. ACCEPT. DISPLAY  Orr> 
INPUT  I CLEAR  PA^ 


TURN  ON  INSERT.  DISPLAY  - EXIT 
INTERRUPT  ROUTINE  AT  DISPINALSE 


• PAICL  TEST  ENTRY 


i pantest 

SET  PANEL  NODE  - TEST  l-NI 


• HOLD  / NORMAL  ENTRY 


HCONTROL 


EXAMINE  HOLD  LAMP 


AS  THE  HOLD  LAMP  ON? 


START  HOLD  MODE 
TRANSTER  VARIABLES  FOR  DISPLAY 
iSV  . I VARSAVE 



TURN  NORMAL  LAMP  OTP 


TURN  HOLD  OR  NORMAL  LAMP  ON 


PAOE  OOS* 


OISPINALS* 


PANOUTSE 

0009 


PAN0UTS2 
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^«oc  ooss 


OISn,*Y  MOCCOUNCt 

CNTCR  tCRC  I^CN  Ttc  OISW-AY  BUTTON  IS  OCmSSSCD. 
CCOUNES  ARC  INITIATCO  AND  CONTROLCO  TRON  »CNC 


ALL  OISRLAV 


A DISTANT 

RLACC  PANCL  IN  OUICSCCNT  STATC 
MOOC"O.INSCRT.ACCePT. DISPLAY  QFfj 
INPUT  I CLEAR  PAlS 


TURN  ON  ALL  LOMCR  LAPPS  AS  CACN 
PNC  IS  A VALID  DISPLAY 


HAIT  FOR  OPCRATOR  TO  SCLCCT  A 
DISPLAY  HITM  a LONCR  BUTTON 

iiiCT  I loner  ksy 


SAve  sclccteo  proccourc  in  call 
FOR  use  BY  the  display  ROUTIfC 
AFTER  THE  PROCCOURC  IS  COMPLCTC 

SAVE  BIT  THAT  TURNS  ON  THE  LATT 
FOR  THIS  PROCCOURC  IN  IHAOCIS 
FOR  USE  MCN  THE  PROCCOURC  IS 
COMPLETE 

00  TO  SELCCreO  procedure 
USE  PROCCOURC  NUMBER  (BASED  ON 
TIC  NUMBER  OF  TIC  SCLCCTEO  LOICR 
KEY)  TO  INDEX  A TABLE  OF  POINT- 
ERS TO  TIC  CORRECT  PROCCOURC 


EACH  PROCCOURC 
HILL  CONTROL 
ALL  OPCRATOR 
STEPS  NECESSARY 
TO  define  tic 
OCSIRCO  DISPLAY 
OISFINAL  INDI- 
CATES that  no 
FURTHER  steps 
ARC  REQUIRED 


DISFIMAL 

$55 

DISFINAL 

$3 

DISFINAL 

$5 

DISFINAL 

$21 

DISFINAL 

$4 

$1 


INPUTS 

STATUS 

VAR 

NOT- DISPLAY 
CSE-ETE 
D-GMT 
LOP 

CAL  H/S 
MAN  H/S 
AUTO  H/S 

BEARING/RANGE  (BRG/RNG) 

POSITION 

NCT-DISPLAY  COH 
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FOR  MANH/S 


OOW 


HCRe  FOR  R-BRO 
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i 

I 


-I 

SAve  BUTTON  NO.  OF  CNO  POINT  IN 
AfICa  FOR  DISPLAY  ROUTIIC 
SAVE  LAMP  BIT  IN  IHAOCII  MITH 
BIT  OF  START  POINT  LAIT 

PROCEDURE  C0TB1.CTC 

OIVINAL 

I — 5^ 


• ENTER  HERE  FOR  LOP 


1 
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PMC  OOSt 


• DISPLAY  PPOCeOURC  COHPLCTC 

• THIS  ROUTIIC  IS  useo  TO  CXIT 

• T»C  PANEL  INTERRUPT  ROUTINE 

• AT  T»C  EM)  OF  A PROCCOURC 


i OISFINAL 

SET  DISPLAY  MODE  l>  1)  THIS  MILL 
CAUSE  THE  C/I  PANEL  NON  ONCOA 
TASK  ROUTINE  TO  OCTCRATC  T»C 
REQUESTED  DISPLAY 


TURN  ON  KEYBOARD  LAI«>S  FROM 
IMAGCII.I2.I3  TO  REFLECT  TNC 
PROCCOURC  SELECTED  BY  TIC 
OPERATOR 


TURN  ON  INSERT  AND  DISPLAY  LAWS 
NHICH  HERE  TURNED  OFF  BY  THE 
CLEAR  ROUTINE  AFTER  THE  DISPLAY 
BUTTON  HAS  SELECTED 


EXIT  PAICL  PROCEDURE  HITH  DUMMY 
^REQUEST  FOR  ANOTHER  BUTTON 
iwUT  LOWER  KEY 



IF  TIC  OPERATOR  SELECTS  OIC  OF 

THE  ILLUMINATED  LAMPS  NON  IT  IS 
AN  ILLEGAL  PROCEDURE 


• ENTER  HERE  TO  END  AN  INSERT 

• PROCCOURC  AFTER  THE  ACCEPT 

• BUTTON  IS  SELECTED 


Vol  X 


NOKT  73-48 


ptat  009* 


TURN  orr  THC  ACCCOT  LM^  MO 
ocLtTc  IT  rmn  thc  smitch  haoc 

SAVE  HOOe  IN  ACCCOT  OLD  NMKCN 
THC  NOOC  MILL  OC  ZERO  UNLCSO  TIC 
OPERATOR  HAS  IN  A PROCEDURE 
HHCRC  THC  OLD  DATA  HAS  OlSPUkVCO 
ON  THC  PAICL  IHOOC  • It  AND  IT 
HAS  ACCEPTED  HITHOUT  CHANQC 


SET  INSERT  MODE  121  THIS  HIU. 
CAUSE  THC  C/I  PANEL  NON  OICOA 
TASK  ROUTINE  TO  PROCESS  THC 
INSERTED  DATA 


• ENTER  HERE  TOR  NCTR  OR  COM 


A NCT  DISPLAY 
TURN  ON  station  LAMPS 


NC  BUTTON  - OPERATOR 

T A station f 

Suf  I UPPER  LETT  KEY 


SAVE  LAMP  BIT  IN  IHA0EI2  FOP 
UPPER  RIOHT  KEY  DISPLAY  AT  END 
or  PROCEDURE 

SAVE  BUTTON  NO.  IN  AROI  FOR  USE 
BY  DISPLAY  ROUTIIC 


PROCEDURE  COWLCTC 


OISriNAL 


NORT  73-48 


^AOC  OOM 


• iNSCHT  Moccounn 

• 

• CNTEK  HERE  IMEN  THE  ACCEPT/ INSERT  auTTON  IS  OEPPRESSEO.  ALL  INKRT 

• PROCEOtMES  ARE  INITIATED  AM)  CONTROLLED  »CRE.  IF  THE  ACCEPT  LAW  IS 

• ON  TICN  AN  INSERT  PROCEDURE  IS  COWLETE  OTHERHISE  THE  INSERT  LAMP  IS 

• ON  AM)  A PROCEDURE  IS  TO  BE  INITIATED. 


i IN5ACC 

EXAMINE  TK  ACCEPT  LAMP 


AS  THE  ACCEPT  BUTTON  DEPRESSED! 


DISFINALSW 

009 


• THE  INSERT  BUTTON  HAS  DEPRESSED 


PLACE  PAICL  IN  QUIESCENT  STATE 
^MOOE»0. ACCEPT. INSERT. DISPLAY  OFT/ 
INPUT  I CLEAR  PAfCL 


TURN  ON  LOACR  LAMPS  THAT  ARE 
VALID  INSERTS  POS,  D-GMT, 
MAN-H/S 


HAir  FOR  OPERATOR  TO  SELECT  AN 
^INSERT  HITH  A LOWER  BUTTON 
iwUT  I LOACR  KEY 


SAVE  BUTTON  NUMBER  IN  CALL  FOR 
USE  BY  T>C  INSERT  ROUTIAC  AFTER 
THE  PROCEDURE  IS  COWLETE.  IT 
HILL  ALSO  BE  USED  BY  THE  DISPLAY 
ROUTINE  IF  TIC  INSERT  PROCEDURE 
REQUIRES  THE  DISPLAY  OF  OLD  DATA 

MAKE  AR02  POSITIVE  AS  A MARKER 
IM)ICATINO  A GENERAL  INSERT 

SAVE  LAMP  BIT  IN  IMAOEIS  TO  TURN 
ON  THE  SELECTED  LOUER  LAMP  AT 
THE  END  OF  THE  PROCEDURE 


* 11  - POSITION  ($1) 

* 0 - INPUTS 

* 5 - D-GMT 

* 8 * MAN  H/S 


NORT  73-48 


PAOC  0061 


IS  this  a OCST-  ' 

INATION  POSITION  INSERT? 


• CRAPT  POSITION  INSCRT 


CHANGE  ARG2  TO  NEGATIVE  TO  HARK 
A SPECIAL  INSERT 
NOTE  - THIS  NARKER  IS  USED  BY 
TfC  ROUTINE  ACCEPTING 
DIGITS  TO  SELECT  TIC 
POSITION  QUALITY  BEFORE 
TURNING  ON  THE  ACCEPT 


IS  THIS  THE  ^ 

FIRST  POSITION  INSERT? 
CENTER  P ON)  ^ 


ALLOW  OPERATOR  TO  SELECT  CURRENT 
CRAFT  POSITION  WITHOUT  CHANGE 

SET  NODE  - I TO  DISPLAY  POSITION 


WAIT  FOR  I BUTTON  IN  OR  SI  END  / 
^PROCEDURE  IF  ACCEPT  PUSHED  / 

IW»UT  I WITH  ACCEPT  LIGHT 


N OR  S IS  NOW  IN  - THE  REST  OF 

the  procedure  is  COHMON  TD 
destination  procedure 


WAIT  FOR  OPERATOR  TD  SELECT 

Vnorth  or  south  / 

IICUT  I UPPER  LEFT  KEY 


Vol  X 


NORT  73-48 


FAGC  006* 


SET  UP  TO  OISPLAT  N IN  TIC  Lfft 
LCOCNO  AND  PUNCTUATION  IN  LEFT 
OISPLAT  REOISTEN 


HAS  NOPTH 

LECTEO  BY  THE  OPEPATOPT 


change  legend  to  % 


^HAIT  FOR  5 DIGIT  LATITUDE  INSEPTy 

Swept  I five  digits 


WAIT  FOR  OPERATOR  TO  SELECT  C/H 
^SET  UP  RIGHT  legend  HITH  E OP  H 
ACCEPT  I EAST  OR  ICST 


DISPLAY  PUNCTUATION  IN  TIC  RIGHT 
DISPLAY  REGISTER 


FINISH  PROCEDURE 

\B  DIGIT  LONO/A.B.C  IF  SUB/ACCEPT/ 
ACCEPT  I SIX  DIGITS 


• ENTER  HERE  FOR  O-OHT 


EXAMINE  THE  ENTER  TIME  LAMP 


IS  THIS  the 
FIRST  TIME  INSERT? 
(ENTER  T ON) 


NORT  73-48 


HAIT  FOR  8 OIOIT  DATE  TO  BE 
*VlHSERTED  BY  THE  OPERATOR 

ACCEPT  I SIX  OlOITS 


i 888 

FINISH  PROCEDURE 
^OET  6 0101 T TIME  AND  ACCEPT 
ACCEPT  I SIX  OlOITS 


• ENTER  HERE  FOR  MAN-  H/S 

• ENTER  HERE  FOR  RZ-  ^/S 


I DISPLAY  D in  Left  Legend  Turn 
On  Punctuation, in  Left  Display 
I ReRister.  SHIP  and  RZ 


>MAIT  FOR  3 OtOIT  HDG  INSERT 


Accept 


Six  Digits 


TURN  ON  PUNCTUATION  IN  RIGHT 
DISPLAY  REGISTER 


NORT  73-48 


PAOC  006H 


riNiSH  PRoceouNC 

VCCT  3 PIPIT  Velocity  *CCCPT 

accept  three  OlOITt 


• ENTER  HERE  FOR  INPUTS 


TUM  ON  ALL  STATION  LAMPS,AUT0,  MAN 
TURN  ON  ACCEPT  LAMP  AND  ENABLE 
accept  in  7»C  snitch  mask  - THIS 
HILL  ALLOH  THE  OPERATOR  TO 
ACCEPT  HHEN  THE  OMEOA  STATION 
LA>f»S  ON  ARE  T>C  CORRECT  SET 


SAVE  STATION  LA^  ON  NON  IN 
IMAOEIB  FOR  DISPLAY  AT  END  OF 
PROCEDURE  AND  INSERT  ROUTIIC 


HAIT  FOR  I STATION  TO  BE  TURICO  t 
- END  PROCEDURE  IF  ACCEPT  / 
iiPuT  I UPPER  Left  key 


NQRT  73>4e 


J 


PACC  0066 


PANCt  PIN  SUBROUTINE 

THIS  SUBROUTINE  IS  AN  ENIRT  POINT  FOR  ALL  PANEL  PROCEDURE  SUBROUTINES. 
THESE  ROUTINES  ALL  HAVE  THE  FEATURE  OF  NOT  RETURNING  TO  THE  CALLING 
PROCEDURE  UNTIL  THE  OPERATOR  OEPRESSCS  A BUTTON.  THE  PANEL  INPUT 
PROGRAM  IS  AN  INTERRUPT  PROGRAM  THAT  REOUIRES  AN  ORDERLY  RETURN  TO 
THE  INTERRUPTED  PROGRAM  AND  THEREFORE  NORMAL  SUBROUTINE  ENTRIES  CAN 
NOT  BE  USED  IN  THE  PANEL  INTERRUPT  PROGRAM.  THIS  SPECIAL  ROUTIfC 
REMOVES  the  return  ADDRESS  FROM  THE  R I <4  PUSHOOHN  STACK  AND  SAVES  IT 
IN  SPECIAL  LINKAGES  FOR  USE  AFTER  A BUTTON  HAS  BEEN  DEPRESSED.  THIS 
ROUTIKE  THEN  ENTERS  THE  SELECTED  SUBROUTINE  IMICH  MILL  TURN  ON  THE 
APPROPIATE  LAMPS  AND  EXIT  FROM  THE  PANEL  INTERRUPT  PROGRAM.  THE 
RETURN  FROM  THE  SELECTED  SUBROUTINE  ACTUALLY  OCCURS  AFTER  THE  NEXT 
BUTTON  HAS  BEEN  READ  AND  INTERPRETED  AT  HHICH  TIME  THE  PANEL  INTERRUPT 
PROGRAM  MILL  CONTINUE  THE  PROCEDURE  BY  USING  THE  LINKAGE  FOR  A RETURN. 
THE  ARGUMENT  CONSISTS  OF  A POINTER  TO  SELECT  A SUBROUTINE  FROM  A TABLE 


• THE  ACCEPT  GROUP  MAY  ALSO 

• REQUEST  BUTTON  INPUTS 


• FOR  AN  INPUT  ROUTINE  AS  j 

• THE  INPUT  ROUTINES  ARE  THE  ! j 

• ONLY  ONES  that  exit  THE 

• PANEL  INTERRUPT  PROGRAM 


J 


PACE  0067 


• PANEL  INTERRUPT  HILL  ALHAVS 

• RETURN  TO  PROC  LINKAGE  l*CN 

• EVER  A KEYBOARD  IS  DEPRESSED 

• THE  ACCEPT  CROUP  HILL  ALHAYS 

• RETURN  TO  THE  LINK  LINKAGE  HHICH 

• HILL  ALHAYS  POINT  TO  A BASIC 

• PROCEDURE 


CLEAR  PANEL  PANEL  PIN  S2 

INPUT  GROUP 

UPPER  LEFT  KEY  PANOUT 

UPPER  RIGHT  KEY  PANOUT  $7 

LOHER  KEY  PANOUT  SI 

accept  group 

HITH  ACCEPT  LIGHT  OUTHAL 

THO  DIGITS  INSTHO 

THREE  DIGITS  INSTHREE 

FIVE  DIGITS  INSFIVE 

SIX  DIGITS  INSSIX 

EAST  OR  HEST  ENTEREH 

LEFT  STATION  PAIR  STAPAIR 

RIGHT  STATION  PAIR  STAPAIRSI 

ARGUMENT  ARGINPUT 


^AOC  OOM 


• O.EAR  PANEL  - PUT  PPQORAH  AM)  PANEL  IN  QUIESCENT  STATE 


OISCLEAW 

TURN  OFF  ACCEPT.  INSERT  AM) 
DISPLAY  LAMPS  AND  DELETE  FROM 
SNITCH  MASK  Turn  on  Clear 
TURN  OFF  ALL  KEYBOARD  LAMPS 
AND  CLEAR  KEYBOARD  IMAGE 


• ENTER  HERE  TO  BLANK  DISPLAYS 

• AND  LEGENDS  AM)  SET  MODE  ■ 0 


J_*« 

INITIALIZE  HINOONAO  TO  POINT  TO 
LEFT  DISPLAY  AND  GUARANTEE  THAT 
NEXT  DIGIT  SEQUENCE  HILL  BE  LEFT 
BLANK  LEFT.  RIGHT  DISPLAYS  AM) 
LEGENDS 

SET  MODE  - 0 - QUIESCENT 
BBK 


PAOC  OOM 


• iiMT  KCvwMNo  mnrm 

• 

• THIS  ROUriNC  IS  USCO  TO  EXIT  THE  RANEL  INTEMURT  ROUTINE  M4IUE  A 

• PfWCEIMIE  IS  IN  PROCESS.  FIRST  IT  BUILDS  THE  KEVDOARO  HASK  FROM  TIC 

• LAMPS  TURICO  ON  BY  THE  PROCEDURE  AND  THEN  IT  OUTPUTS  THE  STATE  OP  ALL 

• LAMPS  AND  LEGEIOS  TO  THE  C/I  PANEL. 


i PAWOUT 

INPUT  UPPER  LEFT  KEY  ENTRY 


TURN  OFF  LOWER  KEYBOARD  LAMPS 


INPUT  LOWER  KEY  ENTRY 

FORM  KEYBOARD  SWITCH  HASK 
- UPPER  LEFT  LAMPS  ♦ UPPER  RIOHT 
LAMPS  ♦ LOICR  LAIM 


I 


OUTPUT  ALL  LAMPS  AND  LEGENDS 
TO  C/l 


SAVE  HOOE.  MASKS.  DIGIT  COUNT 


EXIT  PANEL  INTERRUPT 


INPUT  UPPER  RIOHT  KEY  ENTRY 
TURN  OFF  UPPER  LEFT  LAMPS 


NORT  73-48 


P«OK  0070 


• MITM  ACCEPT  UOT 

• 

• THIS  NOUTINC  HILL  TUM  ON  TtC  ACCEPT  LA»»  IN  AOOITION  TO  ANY  OTICN 

• LAMPS  ALREADY  ENAflLEO  AND  REQUEST  0*C  OUTTON  l»#UT.  IP  TIC  NEXT 

• BUTTON  IS  NOT  ACCEPT  IT  HILL  TURN  OFT  TIC  ACCEPT  LAIC  AlO  RETURN  TO 

• TIC  INPUT  PROCEDURE 


OUTMAL 


TURN  ON  ACCEPT  LAMP  AM)  ENAOLE 
ACCEPT  IN  SNITCH  MASK 


7 


HAIT  FOR  ONE  BUTTON  - DO  NOT 
RETURN  IF  ACCEPT  IS  DEPRESSED 


UPPER  LEFT  KEY 


TURN  OFF  ACCEPT  LAMP  AND  DELETE 
accept  from  shitch  mask 


DISPLAYED  DATA  WAS  NOT  ACCEPTED 
CLEAR  DISPLAY  BEFORE  CONTINUINO 
OtSCLEARSi 


I RETURN  TO  PROCEDURE  IN  PROCEW 
THROUGH  LINKHORO  POINTER 


LINKHORO 


paOC  0071 


• STATION  Mtn 

• 

• THIS  NOUTINC  IS  OSCO  »V  TtC  LOP  DISPLAY  PROCCOUNC  TO  ALLOH  T»C 

• OPCRATOR  TO  SELCCT  A PAIR  OP  STATIONS  AND  DISPLAY  THE  SCLCCTEO  PAIR 

• IN  T»C  LEQENOS 

• 

• ENTER  HERE  POR  LEPT  STATION  PAIR 


X 


PAOC  OO'N 


i 

I 

i 


I 

( 


i 


l 

t 

I 

f 


! 

i 

t 


• OlOIT  l»ruT 

• 

• THIS  MOUTIIC  PROCESSES  STRINGS  OF  DIGITS  AS  REQUESTED  BV  TIC  CALLING 

• PROGRAH.  IT  HAS  ENTRIES  FOR  STRINGS  OF  E.  3.  S AND  6 DIGITS.  ALL 

• DIGITS  ARE  DISPLAYED  IN  THE  APPROPIATE  REGISTER  AS  INDICATED  BY 

• HINDOMAO.  IT  IS  ASSUHHED  THAT  THE  LAST  DIGIT  IN  GOES  INTO  TIC  RIGHT 

• HOST  OlOIT  OF  THE  DISPLAY  AND  ALL  OTHERS  ARE  PLACED  ACCORDINGLY.  IT 

• HAS  special  PROVISIONS  TO  INCREMENT  THE  HINDOMAO  BY  2 AT  THE  END  OF 

• EACH  SEQUENCE.  IT  HILL  LOOK  FOR  A SPECIAL  INSERT  AND  REQUEST  POSITION 

• QUALITY  DATA  IF  REQUIRED.  IF  THE  DISPLAY  REGISTER  IS  THE  RIGHT  OIS> 

• PLAY  IT  HILL  TURN  ON  THE  ACCEPT  LAMP  AT  THE  END  OF  THE  SEQUENCE 

• 


115 


NORT  73-48 


J 


PMX  0019 


READ  LEFT  OR  RIGHT  OISRLAV  U5IN0 
HINOOHAO  AS  A POINTER 
EACH  DIGIT  IN  THE  DISPLAY  NOT 
YET  INSERTED  IS  A BLANK  WHICH  It 
A BCD  IS 

FORM  INSERTED  DIGIT  NUMBER  - IS 
SO  that  it  hill  be  correct  AFTER 
IT  IS  ADDED  TO  THE  DISPLAY 


USE  DIGIT  COUNT  TO  DETERMINE 
THE  NUMBER  OF  SHIFTS  NECESSARY 
TO  PLACE  the  digit  IN  TIC  COR- 
RECT DISPLAY  CHARACTER 

BRANCH  INDEXED  BY  DIOIT  COUNT 
TO  A TABLE  OF  SHI^T  INSTRUCTIOM 
SB  IS  JUST  A REFERENCE  POINT 
IN  THE  TABLE  FOR  IIOCXINO 


• ENTER  HERE  FOR  SIXTH  POSITION 


SHIFT  DIGIT  OVER  I CHARACTER 


• ENTER  HERE  FOR  FIFTH  POSITION 


SHIFT  DIGIT  OVER  I CHARACTER 


• ENTER  HERE  FOR  FOURTH  POSITION 


SHIFT  DIGIT  OVER  I CHARACTER 


• ENTER  HERE  FOR  THIRD  POSITION 


ADD  DIGIT  TO  the  DISPLAY  HORO 
FOR  THE  H HIGH  OROER  DIGITS 


• ENTER  HERE  FOR  SECOlO  POSITION 


Ik 


PAOC  DOTS 


SHIFT  DIGIT  OVER  1 CHARACTER 


• ENTER  HERE  FOR  FIRST  POSITION 


SHIFT  DIGIT  OVER  2 CHARACTERS 
BECAUSE  2 LOW  ORDER  DIGITS  OCCUR 
IN  TIC  HOST  SIGNIFICANT  BITS  OP 
THE  WORD 

ADO  DIGIT  TO  THE  DISPLAY  WORO 


RESTORE  UPDATED  DISPLAY  FOR 

OUTPUT  TO  THE  C/1  PANEL 

> 

TEST  FOR  HEADING  AND  EXIT  AFTER 

'ir>T/^TT<5 

INCREMENT  DIGIT 
VT  - IS  the  digit  SEQUENCE 
COr«.ETE7 


TURN  OFF  DIGIT  LAMPS  0-9 
INCREMENT  HINOOWAO  MUCH  HILL 
CHANGE  IT  TO  RIGHT  IF  IT  HAS 
LEFT  (CLEAR  SETS  IT  TO  LEFT* 
NOTE  - ALL  PROCEDURES  REQUIRE 
THAT  THE  LEFT  DIGITS  BE 
ENTERED  FIRST.  HOST 
PROCEDURES  END  WITH  TIC 
RIGHT  DIGITS 


• IF  THIS  IS  TIC  END  OF  TIC  LEFT 

• DISPLAY  SEQUENCE  THE  ROUTINE 

• HILL  RETURN  TO  THE  ICXT  STEP 

• IN  THE  PROCEDURE  WHICH  IS 
« CONTAINED  IN  LINK 


— HAS  A LEFT 

)ISPLAY  REGISTER  JUST  COMPLETED^ 


LIMWORO 


• RIGHT  DISPLAY  - PREP ARE  TO 

• END  INSERT  PROCEDIME 


Vol  X 


IK)RT  73-48 


^«oc  oor? 


8 


N08T  73-48 


r'  ^ 


j 

P»0£  007a 


OISPLAr  CONVCfISION  AOUTIIC 

THIS  PIN  ROUTINE  MILL  CONVERT  DATA  TO  BCD  POR  OISPLAV  AND  SET  UP  TIC 
LEGEND.  THE  INPUT  CONSISTS  OP  A 32  BIT  WORD  TO  BE  DISPLAYED  AM)  A 
POINTER  TO  A CONVERSION  TABLE.  EACH  ENTRY  IN  TX  TABLE  CONTAINS  A 12 
BIT  SCALE  PACTOR  AND  A 16  BIT  CONTROL  HORO.  EACH  IXUT  HORO  MILL  BE 
MULTIPLIED  BE  TX  SCALE  PACTOR  KPORE  CONVERSION  TO  BCD.  TX  SCALE 
PACTOR  SHOULD  PUT  TX  INPUT  HORO  INTO  TX  UNITS  OP  TX  LOXST  DIGIT  OP 
TX  DISPLAY  iVELOCTY  MOULD  BE  IN  UNITS  OP  KNOTSI  SCALED  D»5  B«l. 
this  ROUTIX  hill  TXN  convert  TX  NUMBER  TO  6 BCD  DIGITS  HITH  TX 
LAST  DIGIT  APPEARING  IN  TX  LOXST  DIGIT  OP  TX  DISPLAY. 

TX  B MSB'S  OP  TX  CONTROL  HORO  AX  TRANSPEXD  OIXCTLY  TO  TX  UPPER  B 
BITS  OP  TX  LEGEND  TO  TURN  ON  TX  PUXTUATION  AND/OR  L.  R.  M.  E POR 
TX  RIGHT  DISPLAY  AM)  KTS,  Mil.  S.  N POR  TX  LEPT  DISPLAY.  IP  TX 
SCALED  INPUT  HORO  IS  XGATIVE  BITS  9 TO  12  AX  ADDED  TO  TX  LEGEND. 
THIS  HAS  TX  EPPECT  OP  CHANGING  N TO  S.  E TO  H OR  R TO  L.  TX  POUR 
LSB'S  OP  TX  CONTROL  HORO  OEP.X  TX  NUMKR  OP  LEADING  SLAM(S  POR  A 
DISPLAY.  ALL  ZERO'S  IN  TX  PIXT  N CHARACTERS  AX  CHANGED  TO  BLANKS 

HXXVER  TX  POINTER  POINTS  TO  TX  PIXT  ENTRY  IN  TX  CONVEXION  TABLE 
10)  TX  INPUT  IS  SHIPTEO  RIGHT  OX  BIT  HITHOUT  SION  SPXAO.  THIS  IS 
USED  POR  TX  CONVEXION  OP  ANGLES  HITH  A RANK  OP  ♦ISO  TO  -IM  TO 
ANGLES  KTXEN  0 AM)  360. 

SXCIAL  HANDLIX  OP  LATITUDE  AND  LONGITUDE  HAS  KEN  PROVIKD  KCAUK 
TXY  AX  DISPLAYED  IN  UNITS  OP  KGXES  AND  MINUTES.  TX  PUNCTUATION 
BIT  IN  TX  CONTROL  HORO  THAT  TURX  ON  TX  HIGH  ORKR  KGXE  LAMP  IS 
USED  AS  A MARKER  SIGNIPYIX  LAT  OR  LONG.  TX  SCALE  PACTOR  MUST  CON- 
VERT TXM  TO  KGXSS  SCALED  0293. 

TX  OUTPUT  IS  ALL  KT  UP  POR  TX  MAIN  DISPLAY  ROUTIX  TO  OUTPUT  TO  TX 
C/I  PAXL.  EACH  ENTRY  KTS  UP  TX  DISPLAY  POR  EITHER  TX  LEPT  OR  TX 
RIGHT  SIX  OP  TX  PAXL.  TX  PIXT  ENTRY  IS  TX  RIGHT  SIX  AM)  TX 
KCONO  ENTRY  KTS  UP  TX  LEPT  SIX  UNLESS  TX  CALL IX  PROGRAM  KTS  UP 
OX  X TX  DISPLAYS  KPARATELY 


PAOe  0079 


i SIO 

RCAO  SCALE  FACTOR  AM) 

CONTROL  HORO 

rescale  input  HORO  HITH 

scale  factor 


IS  the  result  rCGATIVE? 


CHANGE  LEGEND  FROM  N OR  E TO 
S OR  J.  IF  S CHANGE  J TO  W. 
COMPLIMENT  INPUT  HORO 


EXTRACT  LEAOINO  BLANKS  FROM 
CONTROL  HORO  ANO  DELETE  FROM 
THE  CONTROL  HORO  (THIS  IS  NOU 
THE  FINAL  FORM  OF  THE  LEGENOI 

SET  NUMBER  FOR  ROUNOINO 
- .5  05B-I3 


IS  THIS  A 

LATITUDE  OR  LONGITUDE  DISPLAY? 


ADO  1/3  050-13  TO  ROUCING 
NUMBER  BECAUSE  LAT  ANO  LONG  HILL 
BE  CONVERTED  TO  MINUTES  LATER 


IS  THIS  A HEADING? 


ROUND  FOR  HEADING 


86 


Page  0080 


NORT  73-48 


-i-W 

WOUK)  INPUT 


• I 

CLEAR  OOuetC  REOISrCR  EOR 
THE  BCO  CHARACTERS 

SET  UP  a AND  3 COUNTS  TO  CONVERT 
THE  SI*  DIGITS,  the  TMO  COUNT- 
ERS ARE  USED  BECAUSE  LAT  AND 
long  are  converted  in  2 GROUPS 
OF  3 DIGITS 


$86 


• THE  ENTRY  TO  THE  CONVERSION 

• LOOP  IS  AT  S6  P/v»R  f# 


1 


X 


121 


$30 

Page  0082 


i 


SORT  73-A8 


^AOC  OMI 


X 
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• BCD  TO  BINARY 

• 

• THIS  ROUTINE  HILL  CONVERT  T»C  6 CHARACTER  DISPLAY  IMAGE  TO  BINARY 

• UITH  THE  LSB  or  T»C  BINARY  HORO  EQUAL  TO  I COUNT  IN  T»C  LSO  OP  TIC 

• DISPLAY.  THE  BIT  IN  THE  LEGEND  THAT  TURNS  ON  THE  HIGH  ORDER  OEOREC 

• LAMP  ON  TIC  DISPLAY  IS  USED  AS  A MARKER  TO  SICNIPY  A LATITUDE  OR  LONO* 

• ITUOE  CONVERSION. 


il  BCOTOBIN 


SET  UP  A 3 COUNT  ANO  2 COUNT  TO 
CONTROL  THE  6 DIGIT  CONVERSION 


EXAMINE  THE  HIGH  DEGREE  BIT 


IS  THIS  A 

.ATITUOE  OR  LONGITUDE  DISPLAY? 


paqc  oom 


• BCD  TO  BINAIIV 

• 

• THIS  ROUTINE  HILL  CONVERT  Z SCO  CHARACTERS  TO  BINARY.  THE  AROUHCNT 

• IS  A 32  BIT  HORO  HITH  THE  2 DIGITS  IN  THE  HOST  SIGNIFICANT  BITS.  T»C 

• AROUHENT  IS  SHIFTED  LEFT  END  AROUND  ON  RETURN 


1 

MAKE  THO  BINARY 

SHIFT  FIRST  CHARACTER  FROM  MSB'S 
TO  LSB'S  AND  EXTRACT  N BITS 
SHIFT  SECOND  CHARACTER  FROM 
MSB'S  TO  LSB'S  AND  EXTRACT  N 
BITS 

RESULT  - 2N0  CHAR  <»  10  • 1ST  CHR 

Sk 


X 


26 
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• LATITUOC  / LONOITUOC  SCALINO 

• this  routine  takes  LAT  and  LONO  that  has  been  converted  to  binary  AM) 

• changes  it  to  radians  scaled  pi  after  correcting  for  S LAT  and  u long 


i LAT  LONG  SCALING 

DIVIDE  LAT  / LONO  BY  T»€  NUHBER 
OF  .1  MINUTES  IN  PI  RADIANS 
TO  scale  pi  RADIANS 


EXAMINE  LEFT  LEGEND  DISPLAY 


LS  THIS  A SOUTH  LATITUDE? 


COMPLIMENT  THE  LATITUDE 


EXAMINE  RIGHT  LEGEND  DISPLAY 


LS  THIS  A HEST  LONGITUDE? 


COMPLIMENT  T«  LONGITUDE 


1 

SB 

RETURN 
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• 8INMIV  TO  8C0 

• 

• THIS  routine  hill  CONVERT  A •!NARr  NUMBER  ILESS  THAN  1001  SCALED  BIB 

• TO  THO  SCO  CHARACTERS  THAT  ARE  PLACED  IN  THE  2 LON  0101 TS  OT  A 32  BIT 

• REGISTER  AND  THEN  SHIFTED  LEFT  2 DIGITS.  T»C  ARGUMENT  IS  SET  TO  ZERO. 


SUBTRACT  10  FROM  !»rUT 

AND  AOO  16  TO  A 32  BIT  REOISTER 


• ENTER  ROUTIIC  >CRC 


i S7  P0P9  $7 

COMPARE  INPUT  ACAl^T  10  I 


IS  THE  TENS  ^ 
IIGIT  CONVERSION  COMPLETE? 


THE  REMAINDER  IS  THE  ONES  DIGIT 
AOO  ONES  DIGIT  TO  THE  32  BIT 
REOISTER 
ZERO  INPUT 

SHIFT  REGISTER  LEFT  2 DIGITS 
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• NAKC  LAT  LONO 

• 

• THIS  ROUTINE  HILL  COMPUTE  LATITUDE  AND  LONOITUOE  mon  A POSITION 

• VECTOR.  THE  ARGUMENT  CONSISTS  OF  A POINTER  TO  T»C  VECTOR 


i MAKE  LAT  LONO 

LAT  - ARCTAN  Rl  / (R3*«2 
♦ R2»»2»»«.5 
LONO  > ARCTAN  R3  / R2 


B8K 
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• HAKC  RANOC  AM)  BCARINO 

• 

•THIS  ROUTIIC  HILL  COHPUTC  TIC  RANGC  AND  BCARINO  BCTHCCN  2 POINTS  AM) 

• CONVCRT  TIC  BCARINO  FOR  DISPLAY.  THC  ARGUNCNTS  CONSIST  OF  POINTCRS 

• TO  THC  SCLCCTCO  OCSTINATIONS  III  INOICATCS  THAT  THC  CRAFT  IS  TO  BC 

• USCO  AS  TIC  START  POINTI. 


Vol  X 
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• VAWSA^ 

• THIS  ROUT  INC  TRANSFERS  THE  CRAFT  RELATED  DATA  USED  DY  TtC  VARIOUS 

• display  prograns  into  a special  storage  area,  this  transfer  does  not 

• OCCUR  DURING  THE  HOLD  MODE 


<1 


i VARSAVE 


TRANSFER  PARAMET 
IN  THE  UPPER  END 
THE  HOLD  AREA. 

ERS  THAT  RESIDE 

OF  ICHORY  INTO 
(RIJ  AND  V SEAI 

5 

TRANSFER  PARAMETERS  THAT  RESIDE 

IN  THE  LOHER  ENO  OF  MEMORY  INTO 

THE  HOLD  AREA.  (V  LOO.  TI(C. 

VC2.  VC3.  THETA  P.  PSI  Al 

esK 


X 
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• VCLOCItY  HACNITUOC 

• THIS  ROUTINE  COMPUTES  THE  HACNITUOE  OT  T*C  TWO  ELEMENT  VELOCITY 

• VECTOR  ARGUMENTS 


— ( 

V MAKE  velocity 

V <MA0I  - ♦ V3*»2»»».S 


BBK 
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PAOC  oots 


• THIS  NOUTINC  COMPUTES  A 3 CLEMENT  POSITION  VCCTON  mOM  LATITUK  MC 

• LONOITUOC  ARGUMENTS 


] 


PAOC  oow 


RZ  TIME  UPDATE 


• THIS  routine  is  a slow  non  omega  task 

• fONCE  PER  SEC  I THAT  DETERMINES  T»C 

• POINT  or  interception  or  the  moving 

• destination  and  the  CRATT  (ASSUMING 

• THE  CRATT  CHANGES  COURSE  TO  THE  OPTIMUM 

• HEADING! 


it  RZ  TIME  UPDATE 

READ  VECTORS  R1  AND  RZ  C TO 
rORM  SIN  or  ANGLE  BETHEEN  CRATT 
AND  MOVING  DESTINATION 
THE  SIN  HILL  BE  PLUS  IT  TIC 
DEST  IS  MOVING  TOUAROS  THE  CRATT 
0THERHI3E  IT  HILL  BE  MINUS 


CLI  - SINIOAMMA) 

- R|  . RZ  C 

SCALED  B2 

BSV 

REGISTER  DDT 

READ  VECTORS  R I AND  RZ  POS.TO 
roRM  COS  or  angle  betheen  (»apt 
AND  MOVING  DESTINATION 


BLI  - COSIGAMMA)  - R|  . RZ  POS 

SCALED  BZ 

KV  REGISTER  DOT 



COMPOTE  «BLI««2  ♦ CLI««2)«».5 
TOR  riTI  COMPUTATION 
COMPUTE  GAMMA  - ATAN  (CLI/BLII 
TOR  riT)  COMPUTATION 


COMPUTE  CRATT  GROUND  SPEED  (GS> 
BSV  I MAKE  VELOCITY 


CRATT  RATE  - GS/EARTH  RADIUS 
HHERE  ER  - RHOd  - K«RII««2I 


SET  riRST  GUESS  OF 
TIO)  > S HOURS 
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PAOC  OOVT 


IS  T*C  OCST  ^ 
3VINC  AMAr  FfKM  T»C  CRAFTS 
(GAMMA  HINUSI 


COMPUTC  riMC  FOR  OCST  TO  ARRIVC 
AT  CRAFT  IF  IT  HAS  ICAOINO  AT 
THE  CRAFTS  CURRENT  POSITION 


.-• IS  THE  TIME  TO 

live  MORE  THEN  T(0)7 


(9  HR) 


SET  T(0)  - TIME'  TO  ARRl^ 

SET  PROGRAM  FLAG  A TRUE  FOR 
LATER  FIXUP  OF  DELTA  T IF  THIS 
(CM  T(0)  IS  TOO  LARGE 

THIS  PATH  IS  NECESSARY  TO  INSURE 
THAT  THE  INTERCEPT  POINT  HIU. 
OCCUR  SETHEEN  THE  OCST  AM>  TIC 
CRAFT  ANO  NOT  AFTER  THE  OEST 
HAS  PASSED  THE  CRAFT 


SET  DELTA  T - 10  HOUR  - T(0) 


REDUCE  DELTA  T BY  HALF  FOR  USE 
AT  THE  END  OF  THIS  ITERATION 
COMPUTE  FIT) 

- I(BL1**2  ♦ CLI»»a)»«.9l» 
COSKRZ  RATE)*T(0>  - OAftUI 
- Ct)S(  (CRAFT  RATE)«T(0)» 


IS  FIT)  ICOATIVE 
X[^1CATING  THAT  T(0)  SHOULD  K 
LARGER)?  ^ 


HORT  73-A8 


^ACC  OOtt 


SOCIAL  FtXUP  or  OCLTA  T 


DCLTA  T - rtOt/e 


1 

8n 

NEH  T - T - OCLTA  T 




NCM  T - T ♦ DCLTA  T 


}i 

1_*1 

RCSCT  PROGRAM  FLAG  A 


THC  TIME  TO  INTCRCCPT  IS  NON 
AVAILASLC 

COMPUTE  ANOLC  THAT  OCSTINATION 
HILL  MOVE  THROUGH  DURING  TINE  T 
ANOLC  * RZ  RATE  • T 


1 

820 

COMPUTE  POSITION  OF  INTCRCCPT  8Y 
ROTATING  RZ  POS  THROUGH  ANGLE 
INTERCEPT  VECTOR  - IRZ  POSKCOS 
♦ IRZ  C>»SIN 


X 
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3. 3 CtWPUTER  SUBPROGRAM  ENVIRONMENT 


3.3.1  Control  and  Indicator  Tables 

a)  Accept  Insert  Table  - This  table  Is  used  to  point  to  the  selected 
routine  to  process  the  inserted  data.  It  is  described  in  detail  in 
the  flow  charts  (Page  2)  and  in  the  listing.  The  official  name  of 
this  table  is  PANEL  MADI$1.  There  is  an  entry  in  the  table  for  each 
panel  keyboard  button  that  defines  a legal  Insert. 

b)  Start  Procedure  Table  - This  table  is  used  to  point  to  the  selected 
routine  to  initiate  a procedure.  It  is  described  in  detail  in  the 
flow  charts  (Page  50)  and  in  the  listing.  The  official  name  of  this 
table  is  PANEL  INPUT$2.  There  is  an  entry  in  the  table  for  each 
panel  button  that  is  not  considered  part  of  the  main  keyboard  (lower 
fifteen  button). 

c)  Display  Procedure  Table  - This  table  is  used  to  point  to  the  selected 
display  procedure  routine.  It  is  described  in  detail  in  the  flow 
charts  (Page  53)  and  the  listing.  The  official  name  of  this  table 

is  DISTART$10.  There  is  an'  entry  in  the  table  for  each  panel  keyboard 
button  that  defines  a legal  display. 

d)  Insert  Procedure  Table  - This  table  is  used  to  point  to  the  selected 
Insert  procedure  routine.  It  is  described  in  detail  in  the  flow 
charts  (Page  59)  and  the  listing.  The  official  name  of  this  table 
is  INSACC$7.  There  is  an  entry  in  the  table  for  each  panel  keyboard 
button  that  defines  a legal  insert  except  for  POS. 


e)  Display  Generation  Table  - This  table  is  used  to  point  to  the  routine 
to  generate  the  selected  display.  It  is  described  in  detail  in  the 
flow  charts  (Page  17)  and  the  listing.  The  official  name  of  the  table 
is  PANEL0DTPUT$4.  There  is  an  entry  in  the  table  for  each  panel  key- 
board button  that  defines  a legal  display. 

f)  Walt  for  Button  Table  - This  table  points  to  the  routine  that  set 
up  for  the  next  button  in  a procedure.  There  are  twelve  of  these 
routines  and  the  argument  to  the  PANEL  PIN  routine  determines  which 
of  the  twelve  is  to  be  entered.  An  argument  of  one  would  select  the 
first  entry.  Three  of  the  twelve  routines  are  also  used  to  exit  the 
PANEL  INPUT  interrupt  routine.  Their  returns  are  saved  in  the  PROG 
linkage  for  use  after  the  next  keyboard  button  is  depressed.  The 
other  nine  routines  are  called  the  ACCEPT  GROUP  and  do  not  exit 

the  PANEL  INPUT  interrupt  routine.  Their  returns  are  saved  in  the 
LINK  linkage  for  use  at  the  end  of  the  selected  routine.  The  seven 
entries  for  the  ACCEPT  GROUP  must  be  the  last  seven  entries  in  the 
table.  The  official  name  of  this  table  is  PANEL  PIN  TABLE.  It  is 
described  in  the  flow  charts  (Page  67)  and  the  listing. 
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g)  Cumulative  Days  by  Month  Table  - This  table  is  used  to  convert  the 
current  month  to  days  In  the  year  or  to  determine  the  current  month 
from  the  number  of  days  in  the  year.  The  table  has  13  entries 

to  run  from  January  to  January.  Each  entry  Is  the  number  of  days 
from  the  beginning  of  the  year  to  the  beginning  of  the  month  assuming 
that  It  is  not  leap  year.  This  table  Is  defined  in  detail  in  the 
listing.  Its  official  name  is  DAYS  BY  MONTH. 

h)  Position  Quality  - This  table  is  used  to  convert  the  A,  B or  C position 
quality  to  a variance  for  KALMAN.  This  table  is  defined  in  detail 

in  the  listing.  The  variances  are  in  units  of  square  radian  scaled 
B-6.  The  entries  can  be  defined  in  nautical  miles  and  converted  to 
the  appropriate  units  in  the  listing.  The  official  name  of  this  table 
is  POS  NOISE  TABLE. 


3.3.2  Temporary  Storage 

The  control  and  indicator  program  uses  12  words  of  temporary  storage 
(called  BEARING  TEMPS)  in  addition  to  words  placed  in  the  R15  pushdown 
stack.  The  BEARING  TIMPS  are  only  used  by  the  MAKE  BANGE  AMD  BEARING 
subroutine  in  the  control  and  itidicator  program. 


3.3.3  Input/Output  Formats 

The  discussion  of  Input/Output  formats  is  covered  in  Section  3. 2. 3. 3 of 
Volume  I,  Submarine  Omega  Computer  Program  Performance  Specification. 
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AIAN 

P13/2 

P88/1 

All  subroutines 

P19/$21 

P89/$2 

in  Volume  XII 

P45/P0P13 

P96/5 

P46/P0P14 

P99/2 

CROSS  PRODUCT 

P90/2 

P45/2 

D PHI  KI 

P27/1 

P38/$2 

DOT  PRODUCT 

P89/$2 

P96/2 

P90/2 

P96/4 

POSITION  MATRIX 
COMPUTATION 

P12/6 

RESOLVE 

P94/2 

SIN  COS 

P12/6 

P89/2 

P13/3 

P89/7 

P14/2 

P93/1 

P15/$91 

P97/6 

SQRI 

P13/2 

P46/3 

P15/$91 

P88/1 

P19/$21 

P92/1 

P20/$l 

P96/5 

P23/$l 

P96/6 

P25/3 

P97/$l 

P43/1 

P99/2 

ol  X 
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